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ADDENDUM TO THE STARS PCM DATA PROCESSOR MANUAL

PCM DATA PROCESSOR SPECIFICATIONS

Input Data Code : NRZ, Split Phase

Input Data Bit Rate : 250,000 Bits/Second (Maximum)

Word Sync ¢ Up to 3 bits

Frame Sync Word : Up to 32 bits

Data Word : Up to 32 bits

Data ¥rame : Up to 128 words

Subcommutation ¢ Synchronous and Asynchronous

Synchronous Subcom* : Up to 128 frames

Asynchronous Subcom* : a) Up to 3 subcoms, each subcom having a sync

word of up to 32 bits,

b) One subcom with up to 128 words, and two
subcoms with up to 64 words,

Output Data ¥ : Thirty-two data and 5 flag lines

Output Commands**#* : Time Present (sync)
Data Present (sync)
Alternate Data Present (sync)

Subcom Sync
Dump
Auxiliary Command
Input Power : 115 4+10v ac, 60 cps at 30A
* Syachronous and asynchronous subcoms as referred to herein are,

respectively, those which have the same word or words in every frame and are
distinguished from each other by means of a unique and common number of words
(or counts); and those which may have independent sync codes, or identical
sync codes and arbitrariiy assigned frame words anywhere within the main frame.
*¥%  Negative level (-6v dc) represents binary "1'" and ground (Ov dc) f
represents binary '"0", /

*%% Positive, 2-3 us pulses, from -6v dc¢ to ground.
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Frontispiece. PCM Data Processor of the Satellite
Telemetry Automatic Reduction System (STARS)
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SECTION I

GENERAL DESCRIPTION OF SYSTEM >

A. PURPOSE

This manual describes the function, installation and operation, and theory of

operation of the STARS (Satellite Telemetry Automatic Reduction System) PCM
Data Processor. The Data Processor is part of the STARS PCM Data Pro-

cessing line, which includes the Time Decoder, Buffer, Analog and Digital Tape
Transports,

The manual consists of six sections:

(1) General Description

(2) Installation and Operation

(3) Theory of Operation

(4) Patch Panel Programming

(5)  Special Circuits

(6) Power Distribution and Wiring
The information contained in this manual is detailed to the component board
(logic unit), level and should assist in maintaining as well as operating the
equipment. Illustrations are provided to augment the description of the equip-
ment. Ilustrations pertaining to a section will be found at the end of that section.

They are identified by a prefix number indicating the section and the actual
figure number: e.g., III-5, meaning Section III, figure 5.

Since each section is independent, the table of contents is compiled by section,



B. PCM CODES

PCM TELEMETRY

Definition of PCM

The spacecraft data which is reduced by the Data Processor is a pulse code
modulated (PCM) serial train of binary bits representing digital and analog
measurements. The serial train of pulses (bits) is divided into equal groups
of N bits each called ""'words.' The presence or absence of each of the N bits
describes the level of the sample of the analog quantity to the nearest discrete
step between zero and full scale. In other words, each analog measurement
made aboard the satellite is digitized with the same sampling rate and number
of bits representing full scale.

The digitized quantity may be encoded for transmission in one of several codes
as shown in figure I-1. Waveform no. 2 is NRZ-change which maintains one
level for '"1'" bits and a different level for '"0'" bits, In waveform no. 3 there
is a transition (positive or negative) for every ''1'" bit and no transition for 0"
bits. Waveform no. 4 is the split-phase or bi-phase ccde, where a 1" bit is
identified by a '"downward' transition and a '"0" bit is identified by an '"upward"
transition, hence bi-phase. This code is used predominantly in GSFC's space-
craft. The fifth waveform is a '"return-to-zero level' code such that there is a
pulse for every '1'" bit and no pulse for zero bits. This code is seldom used.

PCM Data

The actual PCM signal as received from the spacecraft, recorded by the
and reproduced by the Data Processor tape recorders may be noisy, distorte
and degraded. To reconstruct its waveform the signal is fed to the Bit
Synchronizer unit where it is filtered, bit synchronized, and reconditioned for
use by the Data Processor's Search and Lock Unit. The Bit Synchronizer is

capable of handling any of the codes shown in figure I-1,

The Data Processor normally uses the bi-phase data. However, at times,

when the bi-phase signal from the tape recorder is degraded considerably, the
Bit Synchronizer may be operated in the NRZ-C mode at twice the nominal bit
rate in order to minimize bit phase reversal. This is possible because bi-phase
is equivalent to sampling NRZ-C twice per bit period (see fig. I-1, waveform

2 and 4). When this mode is used, the clock signal supplied by the Bit Synchro-
nizer to the Search and Lock unit must be divided by 2 so that in the Data

Processor the NRZ-C signal and the clock signal are maintained at the same Lit
rate,

The clock and data signals are 90 degrees out of phase with respect to each other.
This is done in order to sample the incoming data bits at 90 degrees or 270 degrees
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of the bit period; thus the bi-phase data is always treated as NRZ-C by the
Search and Lock unit (see figure III-2),

A detail description of PCM telemetry is given in '""Aerospace Telemetry',
Ch. 6, Harry L. Stiltz Editor, published by Prentice Hall.

C. FUNCTIONAL DESCRIPTION OF SYSTEM

FUNCTIONAL DESCRIPTION OF THE STARS PCM DATA PROCESSOR

Purpose

The STARS PCM Data Processor described in this manual is part of the Satellite
Telemetry Automatic Reduction System designed to reduce "analog' pulse code
modulated (PCM) data ‘received from the satellite into a format acceptable by an
IBM, Univac 1107, or equivalent computer for complete decommutation and
generation of experimenter's tapes. The Data Processor is the 'front end" of
STARS which includes the Time Decoder and Buffer.

The purpose of the Data Processor is: (a) to present to the buffer the serial
train of telemetry data in terms of digital words of proper length and location

in the main frame, (b) supply the required commands to the buffer to sample the
presented data in proper order, as well as sample time presented by the Time
Decoder, (c) generate special buffer commands to properly begin and terminate
data blocks, (d) check the frame sync code and bit errors, and flag the status
thereof, and (e) generate special flags, such as subcom word(s) location, signal
mode, etc., to minimize the effort required in decommutating and further
processing of experimenter's data.

General

The Data Processor is designed to accept any PCM telemetry format using split
phase or NRZ coding. It meets the specifications outlined in GSFC's Aerospace
Data Systems Standards,January 1963, Section 1. Figure I-2 is the complete
block diagram of the Data Processor. As shown in this figure, the Processor
consists of the following units: Search and Lock, Bits/Word/Frame Counters,
Accumulator, Decimal Display, Quick Look, Error Monitor, and Bit Synchro-
nizer and Signal Conditioner. A multitrace oscilloscope and strip chart recorder
are provided to monitor the incoming and outgoing signals, A digital data
simulator is included to enable performance of quick operational checks and to
aid in maintaining the equipment.

Data recorded on tape, in serial binary code, is supplied by various NASA

tracking stations. These tapes, known as ''analog tapes, ' are played back on
CEC's VR-2600 tape recorders which are part of the STAR System. Since telemetry

I-3



formats differ with different satellites, the Data Processor is programmed by
means of patch panels to accommodate any known format of a particular satellite.
Programming includes selection of word length, frame length, permissible frame
sync bit errors, subcom frame length, number of frames to acquire frame sync,
number of frames to flywheel, number of bad frames after which to revert to
search mode, and setting up the frame and subcom frame sync recognizers for
particular frame sync codes. In addition, patching is used to program the
generation of buffer command signals in accordance with the desired buffer tape
format and buffer requirements to produce buffer tapes.

Functions

The basic buffer commands generated by the Data Processor are: Time Present,
Data Present, Alternate Data Present, Subcom Sync, Dump, and Frame Sync
Quality. These commands in conjunction with the data available on parallel
lines, enable the Computer Format Control Buffer to generate 'digital' tapes of
a prescribed computer format for each satellite.

Data synchronization and generation of buffer commands is accomplished by the
following units: Bit Synchronizer, Search and Lock, B/W/F Counters and
Accumulator. Specifically, telemetry data from the analog tape is bit synchro-
nized and conditioned (determination of ones and zeros) in the Bit Synchronizer
unit, Frame synchronization takes place in the Search and Lock unit in con-
junction with the B/W/F Counters and Accumulator units., Subcom frame
synchronization is accomplished in the B/W/F Counters unit. Data in parallel
form is supplied to the buffer from the Accumulator where all buffer commands
are generated.

I¢ T n T |
Ulilve +40€ weCiimad

Display unit converts binary words into decimal equivalents and displays them.
Parity errors and frame sync bit errors are detected, counted and displayed
in the Error Monitor Unit,

The purpose of and the functions performed by the Data Processor have been
described above. The detail description of the theory of operation of the
equipment, how the various functions are generated in each unit, is described
in Section IIIL.
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SECTION 11

INSTALLATION AND OPERATION

A, INSTALLATION
The on-line units of the STARS PCM Data Processor system are contained in

relay racks A, B, and C (left to right) as shown in the frontispiece. Interunit
cabling is supplied with the rack.

B. CONTROLS AND INDICATORS
A brief functional description of the controls, indicators, and connectors

associated with each unit of the STARS PCM Data Processor is provided in
Tables II-1 through II-13.
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Table II-1. Control and Indicator Panel, Controls and Indicators
(Figure II-1)

FIGURE

REF. NO, CONTROL OR INDICATOR DESCRIPTION

1 SIGNAL SELECTOR switch A 2-position push button switch.

TAPE Selects input signal source to

SIM signal synchronizer. Switch
plate glows green when tape is
selected, red when simulated
input signal is selected.

2 PCM POWER switch A 2-position push button switch.

POWER Controls application of ac power
to racks A, B, and C, Switch
plate glows green when power is
applied.

3 TEMPERATURE LIMITS Indicator lights provide visual
overtemperature alarm signals,

DEC. DISP. Individual translucent panels

QUICK LOOK glow red when operating tem-

DATA ACCUM perature of associated units

ERROR MON exceeds 552 C. One each for

W-B-F decimal display, data quick look

S-L monitor, PCM data accumulator,
error monitor, bits/word/frame
counter, and PCM search and
lock units, respectively, as
marked.

4 HOURS meter Records elapsed time, while ac
power is applied by PCM POWER
switch, in hours and tenths of
hours. Provides continuous
visual display in Arabic numerals,

5 SIGNAL jack Front panel coaxial connector
used to monitor input signal
selected.

II-2
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Table II-2.

(Figure II-2)

Power Panels, Controls and Indicators

FIGURE
REF. NO.

CONTROL OR INDICATOR

DESCRIPTION

1

ON/OFF switch

AC VOLTS

15 amp ac circuit breaker,

typical of three panels. Dual
toggle (ganged) action, provides
independent manual on-off control
of primary power to racks A, B,
and C for all associated system
units and convenience outlets.
Delayed magnetic overload breaker
action automatically protects
circuits of each rack.

Panel mounted rms voltmeter,
typical of three panels. Indicates
presence and amplitude of applied
primary power individually for
racks A, B, and C.

|

11-4
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Table II-3,

(Figures II-3 and II-4)

Power Supplies, Controls and Indicators

FIGURE :

REF. NO., CONTROL OR INDICATOR DESCRIPTION
Rack A;
Dressen-Barnes Power
Supply (Figure II-3)

1 Fuse and Holder Non~indicating type holder contains
a 1 amp glass cartridge fuse in
series with primary power switch.

2 Indicator Light Incandescent lamp with green
jewel. Glows when primary power
is applied, if continuity exists
through fuse.

3 ON/OFF switch Toggle switch controls application
of primary power to the power
supply.

Racks B and C:

Computer Control Company All controls and indicators typical
Power Supply, Model RP-32 of both racks,

(Figure II-4) SPDT toggle action manually con-

1 AC ON/AC OFF switch (S1)| trols application of primary power
to unit.

2 AC indicator light (DS1) Incandescent lamp with green
jewel. Glows when primary
power is applied and continuity
through F1 exists,

3 +12v ON/OFF (CB1) Individual toggle type circuit

- 6v ON/OFF (CB2)
-18v ON/OFF (CB3)

breakers: CB1, 2 amps; CB2 and
CB3, 22 amps each, Provide
individual manual, and autcmatic
overload control of, application of
+ 12v, -6v and -18v secondard
power outputs, respectively.

I1I-6




Table II-3, Power Supplies, Controls and Indicators (Cont'd)
(Figures II-3 and II-4)

FIGURE

REF. NO, CONTROL OR INDICATOR DESCRIPTION

4 INPUT fuse (F1) Amp slo-blow glass cartridge fuse
and holder, in series with primary
power.

5 DC FAIL indicator light (DS2) | Incandescent lamp with red jewel,

recessed front panel
adjustments (R8,R35, R56)

Glows when +12v, -6v, or ~18v
secondary power output is inter-
rupted, provided S1 is in AC ON
position, and DS1 is energized.

Secondary power output level ad-
justments for +12v, -6v, and -18y,
respectively (left to right, facing
panel). These controls are poten-
tiometers with shafts slotted to
accommodate screwdriver blade.
Range of adjustment is 2% in each
case,

NOTE

Field adjustment for re-
calibration not recommended,
If necessary, meter used
should be accurate to 20, 5%
of full scale indication.

II-7
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Table II-4.

(Figures II-5 and II-6)

Digital Signal Synchronizer,

Controls and Indicators

! FIGURE
. REF. NO.

CONTROL OR INDICATOR

DESCRIPTION

|

S,

Selector Switch

REC OR SIMULATOR
section

TAPE section

Selector Switch

CHANNEL A

INPUT jack

AMP OUT jack

DET IN jack

This section of the selector
switch prepares the unit for one
of three types cof single-channel
inputs from either a receiver,
simulator or tape. These input
signals may be positive, negative,
or balanced (signal equally above
and below a reference voltage).

This section of the selector
switch prepares the unit for one
of four types of dual-channel tape
inputs. The tape input is dual
track and may be dual positive
(++), the first track positive and
the second regative (+-); the first
track negative and the second
positive (-+), or dual negative

(--).

Selects RZ, NRZ, NRZ space, or
bi-phase as the type of signal
input to the unit.

Permits monitoring input data
applied to channel A.

Permits meoenitoring data output
of first two d-c amplifiers
located in channel A

Permits monitoring cutput of
third d-c amplifier which is the
data input to level detector
(voltage decision circuit) located
in channel A,

.

e i £ e eimn .«
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Table II-4.

Digital Signal Synchronizer, Controls and Indicators (Cont'd)
(Figures II-5 and II-6)

FIGURE ' ;
REF, NO, | CONTROL OR INDICATOR ' DESCRIPTION
6 FREQUENCY SELECTION K. C. Permits selecting frequency
selector switch : ranges for internal oscillator
between 3 pps and 800K pps.
(+20%)
7 OSCILLATOR
FINE control ‘Allows fine adjustment of internal
’ ;oscillator frequency.
8 1 HIGH/LOW switch ;Allows coarse adjustment of
'internal oscillator frequency
‘within range selected at
{FREQUENCY SELECTION K. C.
"switch. , E
i
9 | VCO/XTAL toggle switch ‘Selects either the internal voltage
i icontrolled osciliator (VCO) or
crystal for generating internal
clock rate.
1
' 10 vCo CAL I
l SERVO toggle switch OPEN positicn opens servo control
; ‘loop used in setting VCO ifrequency
] ithe CLOSED position closes the
' servc loop.
11 PUSH TO CALIBRATE Pressing this pushbutton resets '
pushbutton the internal up-down counter to
cause the nominal center control
, .voltage to be supplied to the VCO,
! 12 LOOP BANDWIDTH Permits selection of servo
! selector switch {loop bandwidth.
i i
: VCO CONTROL meter Used when calibrating and adjust-

13

ing the internal voltage controlled
cscillater (VCO). Meter indi-

cates analog correction voltage
iapplied to VCO,
H

I i
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Table II-4.

Digital Signal Synchronizer, Controls and Indicators (Cont'd)

(Figures II-5 and 1I-6)

; FIGURE , i
., REF. NO. CONTROL OR INDICATOR | DESCRIPTION
. 14 CHANNEL A
i
; DET OUT jack Permits monitoring data ocutput
from level detector in channel A,
i 15 LEVEL jack Permits monitoring d-c level at
level detector in channel A.
16 DATA SAMPLE INVERSION : Operative only when NRZ or bi-
phase inputs are being accepted. i
Determines sample polarity. In ;
the '"'up'' position, data will be ’;
sampled at -12 V. In the ""down"
position, data will be sampled '
at 0 V. Changing switch positions
will invert the data output of the
Synchronizer.
|
17 Selector Switch | Selects one of three signal
| sources for input to urnit; re-
i ceiver, simulator, or tape.
18 GAIN control Attentuates input signal.
19 FREQ SELECT Set at lowest frequency by keep-
rotary switch | ing the setting at 190-380 always.
20 FINE ADJUST Set in center and remains at
potentiometer . this setting.
21 KC FREQ SELECTOR | Set to the bit rate of the telemetry
rotary switch j data signal.
22 Detector Level Adjust Adjusts the level such that it is
potentiometer | centered on the detector input i
(located in Card DET 213) ! waveform. '
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22

21

20

Figure II-6. Digital Signal Synchronizer, Top View,
Controls and Indicators
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Table II-5,

PCM Search and Lock, Controls and Indicators

(Figure II-7)

| FIGURE

| REF. NO.

CONTROL OR INDICATOR

DESCRIPTION

Patchboard

SHIFT REGISTER indicator
lights

WORD indicator lights:
LOCK
SEARCH

FRAME indicator lights:
LOCK
SEARCH

SUBFRAME COUNTER

INCORRECT
indicator light

SYSTEM RESET pushbutton

Used to program the PCM search
and lock unit. Desired internal
interconnections are patched by
using jumpers between appropri-
ate patchboard holes (see program-
ming section). Flywheel timing
pulses, word sync code, frame sync
code, and sync acquisition time

are controlled by programming the
patchboard.

Assembly of 32 Amperex indicator
triodes, each of which indicates
the digital status of one stage of
the data output shift register.
Each lighted indicator signifies
presence of a binary one; extin-
guished indicators signify pre-
sence of binary zeroes,

Operating status of unit is indi-
cated by light which is energized.
When word sync is lost, SEARCH
light is energized; otherwise LOCK
light is energized, indicating word
sync has been acquired.

These lights function same way as
WORD lights, with respect to
acquisition, or loss of frame sync.

When energized, indicates that
subframe counter of B/W/F
counters unit is not in sync with
subframe counter in satellite,

Provides manual control of
operating status., When pressed,
sync counters are reset and
search mode is initiated.

II-15




Table II-5, PCM Search and Lock, Controls and Indicators (Cont'd)
(Figure II-7)

FIGURE

REF. NO. CONTROL OR INDICATOR DESCRIPTION

7 FAN POWER indicator light Incandescent lamp with amber
jewel. Glows when power is
applied to fan motors of unit.

8 -6v, .DBA fuse 1/2 amp fuse in series with -6 vdc
secondary power from RP-32
power supply.

I7-16
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Table II-6.

PCM Data Accumulator, Controls and Indicators

(Figure II-8)

FIGURE
REF. NO.

CONTROL OR INDICATOR

DESCRIPTION

1

Patchboard

Indicator Light Assembly:
1 through 32

Selector Switch:
DATA PRESENT
DATA DELETE

-6v, .5A

Used to program flow of data from
accumulator to buffer, Data
present pulse, time present pulse,
and flag pulses are controlled by
using jumper wires between
appropriate holes of patchboard
(see programming section).

Group of individual Amperex
indicator triodes which indicate
status of each stage of output
shift register as visual binary
display. Each lighted indicator
represents a binary one and
extinguished indicators represent
binary zeroes. Indicators 1
through 18 and 23 through 27 are
coupled directly to shift register.
Indicators 19, 20, 21 and 22 may
be coupled through patchboard to
shift register or to auxiliary flag
generators. Indicators 28
through 32 are coupled to auxi-
liary flag generators,

DPDT illuminated switch plate
with push-to-change action.

- Enables or inhibits data flow to

buffer. Glows green in DATA
PRESENT position and data is
presented to buffer. Glows red
in DATA DELETE position and
data flow stops.

1/2 amp fuse, in series with -6
vdc secondary power from RP-32
power supply.
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Table II-6.

PCM Data Accumulator, Controls and Indicators

(Figure II-8)

FIGURE
REF, NO.

CONTROL OR INDICATOR

DESCRIPTION

1

Patchboard

Indicator Light Assembly:
1 through 32

Selector Switch:
DATA PRESENT
DATA DELETE

-6bv, .5A

Used to program flow of data from
accumulator to buffer. Data
present pulse, time present pulse,
and flag pulses are controlled by
using jumper wires between
appropriate holes of patchboard
(see programming section).

Group of individual Amperex
indicator triodes which indicate
status of each stage of output
shift register as visual binary
display. Each lighted indicator
represents a binary one and
extinguished indicators represent
binary zeroes. Indicators 1
through 18 and 23 through 27 are
coupled directly to shift register.
Indicators 19, 20, 21 and 22 may
be coupled through patchboard to
shift register or to auxiliary flag
generators. Indicators 28
through 32 are coupled to auxi-
liary flag generators.

DPDT illuminated switch plate
with push-to~change action.
Enables or inhibits data flow to
buffer. Glows green in DATA
PRESENT position and data is
presented to buffer. Glows red
in DATA DELETE position and
data flow stops.

1/2 amp fuse, in series with -6
vdc secondary power from RP-32
power supply.
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Table II-6, PCM Data Accumulator, Controls and Indicators (Con'td)
(Figure II-8)
FIGURE
REF. NO, CONTROL OR INDICATOR DESCRIPTION
5 FAN POWER indicator light Incandescent lamp with amber
jewel. Glows when power is
applied to fan motors of unit.
6 TIME PRESENT White {clear) lights, program-
indicator lights mable through patch panel and
FLAG 1 energized by occurrence of event
FLAG 2 marker signals sent to buffer.
FLAG 3
FLAG 4
7 DATA PRESENT White (clear) light energized

indicator light

each time data present pulse is
generated,

—
Tt
]
[t
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Table II-7. Bits/Word/Frame Counters,Controls and Indicators
(Figure II-9)
FIGURE
REF. NO, CONTROL OR INDICATOR DESCRIPTION
1 Patchboard Used to pregram counters accordin
! to telemetry format to be decom-
mutated. Counter connections are
made by using jumper wires
between appropriate holes of
patchboard.
2 BITS/WORD COUNTER Visual binary light displays, con-
? WORD/FRAME COUNTER sisting of assembly of Amperex
l FRAMES/SUBFRAME indicator triodes for each counter.
COUNTER 1 Each assembly contains individual |
FRAMES/SUBFRAME indicator for each state of counter
COUNTER 2 to which it is assigned. Lighted
FRAMES/SUBFRAME indicator represents binary one;
COUNTER 3° extinguished indicator represents
: binary zero. BITS/WORD
» COUNTER counts information
; bits; WORD/FRAME COUNTER
; counts words; each FRAMES/
SUBFRAME COUNTER counts
number of frames between sub-
. frames programmed,
3 FAN POWER indicator light Incandescent lamp with amber
jewel., Glows when power is
‘i applied to fan motors of unit.
i
<4 -6v, .5A 1/2 amp fuse, in series with -6
vdc secondary pcwer to unit
from RP-32 power supply.

o
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Table 1I-8.

Error Monitor, Controls and Indicators

(Figure II-10)

FIGURE
REF. NO.

CONTROL OR INDICATOR

DESCRIPTION

Patchboard

Indicator Light Assembly
1,2,4,8,16,32

EXCESSIVE BIT ERROR
indicator light

Used to program counters of
frame sync and parity error
monitors, according to telemetry
sync word code prescribed by
format in use.

Group of Amperex indicator
triodes, each of which is iden-
tified by binary weight of counter
stage to which it is coupled,
displays binary error count.
Lighted indicator signifies
presence of a binary one, extin-
guished indicator signifies presencd
of binary zero.

White (clear) light is energized.
when frame sync counter accumu-
lates number of errors per frame
for which ERROR SELECTOR
switch is set.

Rotarv selector switch-off, plus
six functional pesitions. Used to
program parity, and frame sync,
decision circuits. Setting of

each switch determines number of
errors that must be detected to
generate frame sync and/or parity
error alarm pulse. In OFF
position, associated decision
circuit is inoperative.
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Table II-8. Error Monitor, Controls and Indicators (Cont'd)

(Figure II-10)

FIGURE
REF. NO.

CONTROL OR INDICATOR

DESCRIPTION

5

RESET SELECTOR
AUTO/MANUAL switch

PUSH TO RESET
pushbutton

FAN POWER
indicator light

PARITY
EXCESSIVE ERROR

indicator light

Toggle switch with two functional
positions used to select opera-
ting mode of counter and decision
circuit. In AUTO positien

counter is reset when errer alarm
pulse is generated. In MANUAL
position error counter locks and
must be manually reset when
count equals or exceeds count
programmed by ERROR SELECTOR
switch for any frame of data.

Used to manually reset error
counter when RESET SELECTOR
switch is in MANUAL position.

Incandescent lamp with amber
jewel, Glows when power is
applied to fan motors of unit.

White (clear) light is energized
when parity counter accumulates
number of errors per frame for
which ERROR SELECTOR switch
is set.

11-24




SI01BOIPU] PUB STOIJUO)) ‘}Tu[) IOJTUOIN JIO0IxH -QI-II 2andtg

9 L 8

II-25

R ERE RN @




Table II-9,

Data Quick Look Monitor, Controls and Indicators

(Figure II-11)

FIGURE
REF. NO,

CONTROL OR INDICATOR

DESCRIPTION

1

Patchboard.

PUSH switches

CONTINUOUS/SINGLE
switches

Used to program the binary
registers, the PCM decimal
display unit and the analog output
jacks so that sync word errors are
displayed, or so that one or more
selected words per frame can be
visually monitored.,

Two momentary contact push-
buttons (one associated with each
binary register) for manual control
of each register when associated
CONTINUOUS/SINGLE switch is

in SINGLE position. When PUSH
switch is pressed and released,
count is accumulated in associ- ,
ated register during next frame and|
stored until CONTINUOUS mecde
is initiated.

Two toggle switches (one assuci-
ated with each binary register)
each of which has two functional
positions. In CONTINUOUS
position each switch enables its
associated register so that

count is accumulated once per
frame and held until updated dur-
ing subsequent frame. In
SINGLE position, switch inhibits
automatic function and transfers
control of register to PUSH
switch,

1I-26




Table II-9. Data Quick Look Monitor, Controls and Indicators (cont'd)
(Figure II-11)
FIGURE |
REF. NO, ! CONTROL OR INDICATOR DESCRIPTION
4 BINARY REGISTER NO. 1 Independent groups of 16 each.
indicator assembly Amperex indicator triodes individ-
ually coupled to the binary counter
5 BINARY REGISTER NO. 2 stages of the data quick lock moni-
indicator assembly tor registers. Kach group consists
of 16 indicators which collectively
) display the binary count of a
& register. A lighted indicator repre-
sents the presence of a binary one
and an extinguished indicator signi-
fies a binary zero is present,
6 ANALOG OUTPUTS jacks BNC connectors, each of which
1 through 8 provides an output signal which is
the analog equivalent of a digital
word.,
1 FAN POWER indicator light

Incandescent lamp with amber
jewel, Glows when power is
applied to fan mctors of unit.,
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Table II-10.

(Figure II-12)

PCM Decimal Display Unit, Controls and Indicators

CONTROL OR INDICATOR

DESCRIPTION

FIGURE
REF. NO,
1

2

WORD A
WORD B

FAN POWER indicator light

Each word display consists of 5
nixie tubes which provide optical
readout for decimal equivalent of
a selected digital word consisting
of 16 or less information bits.
Decimal equivalent of digital words
consisting of more than 16 infor-
mation bits can be displayed as
serial value of WORD A and WORD
B. Programming is accomplished
by using jumper wires between the
appropriate holes of the PCM
Quick Look Monitor patchboard.

Incandescent lamp with amber
jewel. Glows when power is
applied to fan motors of unit.

I1-29
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Table II-11

Oscillograph Amplifier Unit,
(Figure II-13)

Controls and Indicators

'+ FIGURE
REF. NO, CONTROL OR INDICATOR DESCRIPTION
1 LEVEL 1 through 8

|
!
!

i

[\¥]

IiNPUT 1 through 8

Individual screw driver adjustable

potentiometers to regulate the gain |

of the individual amplifier channels.
Individual BNC connectors which
couple the input signals patched to
them from the ANALOG OUTPUT
jacks of the Data Quick Look
Monitor, to individual amplifier
channels,
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switch

Table II-12. Recording Oscillograph, Centrols ard Indicators
(Figure II-14) o

FIGURE

REF., NO. CONTROL OR INDICATOR DESCRIPTION

1 INTENSITY adjustment Continuously variable rctary
control for regulating the intensity
of the light beam from the
galvandmeter lamp.

2 LAMP pushbutton Momentary contact switch, used

) to ignite Mercury Vapor
galvanometer illuminator lamp.

3 POWER ON/OFF Switch Toggle switch, dpst, used to
apply primary power to all
operating circuits of unit.

4 Record speed selection Black pushbutton switches, to

switches regulate speed of paper transport

.25, 1, 4, 16, 64 while recording. Paper advances
at .25, 1, 4, 16, or 64 inches per
second when appropriate switch is
pressed. Selection cannot be
made unless Motor switch is in ON
position.

5 Motor Switch Red pushbutton press-ON, Press-

ON/OFF OFF switch, starts and stops
paper transport motor.

6 PAPER indicator Mechanical slot-and-pointer
device, indicates percent of paper
supply remaining on feed roll.

7 TIMING MODE selector Rotary selector switch with four

Selects
locally generated timing pulses

at rate of 1, 10 or 100 per second.
In OFF/EXT position timing pulses
can be synced to an external

functional positicns.

triggering source.
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Table I1-13, PCM Signal Simulator, Controls and Indicators
(Figure II-15)
FIGURE
REF. NO. CONTROL OR INDICATOR DESCRIPTION

COMMUTATION RATE

RANGE selector switch

DUTY CYCLE switch

FINE CONTROL

RATE JITTER

INT CONT (PERCENT)

INT (60CPS) EXT

COMMON WORD switches (33) !
! which comprise the common

POWER pushbutton

MISSING PULSES

START WORD selector

Permits selecting commutation
rate ranges from 10 to 800, 600
bits/second.

Permits adjusting duty cycle of
output pulse train from 40 to 60%.

Permits adjusting internal com-
mutation rate to desired fre-
quency within selected range.

Selects from 5 to 20% of internal
rate jitter injected into output
signal,

Selects internal or external
i1Har cionnl I :I“C

H s +od
JLILer Signaus to be INJCCLCa intd

output wavetrain,

Select coding for up te 33 bits
word in a frame. When a
switch is up a "'1" bit is
generated. When a switch is

down a "0'" bit is generated.

Turns on unit power. Switch

i glows when power is turned on.

Selects one of eight words in a
frame with which to start

i "missing pulses. "




pulse train from 0 to 10 V,

Table II-13. PCM Sigral Simulator, Controls and Indicators (Cont'd)
(Figure II-15)

| FIGURE '
i REF, NO, CONTROL OR INDICATOR DESCRIPTION
!
i 9 ' STOP WORD selector Selects one of eight words in a
‘ ‘ frame with which to stop
g ! "missing pulses, "
: i
i .
» 10 3 ON/OFF/BLANKING Selects status of "'missing pulses. '
{ ’ toggle switch In ON position, desired number of
i ; missing pulses selected at START
i | ! WORD and STOP WORD switches
5 ; ! is provided in the output pulse
' ! ' train. In BLANKING position,
f I output signal will be at d-c level
[ g (b2seline) when INT CONTROL
! ‘ pushbutton is pressed.
‘ i )
C 11 | INT CONTROL ushbutton Blanks output signal when pressed,
i , p % g p
‘ i i provided ON-OFF-BLANKING

| switch is in the BLANKING

! position.

' )
! : i
P12 i BLANKING (SEC) switch | Selects length of time output pulse
; ! | trainis blanked affer INT CONTROL
' | . pushbutton is pressed or when an

f | external signal is applied to EXT
; ! | IN jack.
| . NOISE '

13 . LEVEL ADJUST centrol | Adjusts ncise level superimposed

_, on output pulse train.
! 14 IN/OUT toggie switch Injects noise in-or remcves ncise
' . . from output pulse train.

! .

| OUTPUT CONTROL |

15 © SERIAL AMPL control i Adjusts amplitude of cutput serial

II-36



Table II-13. PCM Signal Simulator, Controls and Indicators {Cont'd)
(Figure II-15)
| FIGURE
' REF, NO. CONTROL OR INDICATOR DESCRIPTION
16 SERIAL OUT SEL switch | Selects RZ, NRZ mark "1's" or
' "0's", NRZ space, bi-phase or
: bi-polar.
!
5 17 RISE TIME centrol Adjusts rise time of positive output
: pulses from 1 usec to 10 usec.
|
18 PARALLEL OUT switch Selects type of signal (RZ or NRZ)
' - for parallel word output. l
i | |
i 19 SUB COMMUTATOR FRAME | Combinations of these seven
LENGTH switches (7) ! switches select from 2 to 128
; . words to be contained within a |
i subcommutated frame.
. I ‘
i 20 SPECIAL WORD | Determines position of special
i LOCATION switches (7) l word within subcommutated
’ ' frame.
21 SYNC WORD | Determines location of sync word |
LOCATION switches (9) ' for subcommutated frame :
: |
22 SUB COM SYNC WORD l Determines ccding of subcommu-
: , switches (33) i tated sync word.
23 SPECIAL WORD switches (33) t Determines coding of subcommu-
! . tated special word. !
i ! '
1 i
P24 WORD LENGTH switches * Consists of two selectors which '
i select a word length of up to 33
. bits per word.,
25 ; ON/OFF toggle switch . Turns on the parity generating
i  circuits.
j
26 ; ODD/EVEN toggle switch

~ Selects type of parity to be
- inserted at end of word; either

odd or even may be selected,




Table II-13. PCM Signal Simulator, Controls and Indicators (Cont'd)
(Figure II-15)

| FIGURE !
! REF. NO, CONTROL OR INDICATOR DESCRIPTION :
! Z
’ 27 ' SPECIAL WORD switches (33)| Consists of 33 switches which
g select coding of main commutater '
t special word. When a switch is up,
! a "1'" bit will be generated; when |
: a switch is down, a '"0" bit will be !
E generated. ‘
.r. ;
28 MAIN COM SYNC WORD Consists of 33 switches which per- E
; switches (33) mit selecting coding of main com-
; mutator sync word. When a !
,E : switch is up, a "1" bit will be
f , generated; when a switch is down,
| h a '"'0" bit will be generated. l
‘ | ' !
. 29 | SPECIAL W(ﬁ{D LOCATION Selects position in main commu-
. switches (inpoard nine) tator frame for insertion of spec1a1
word. Any word position in a
frame may be selected for special l
: word. |
i :
z ; i
| 30 ' MAIN COMMUTATOR |
| f |
; © FRAME LENGTH switckes i Selects number of words to be con- !
; i {outboard nine) tained within a main ccmmutator |
l

: frame. Switches are labeled 1, 2, :
: 4, 8, 32, 64, 128, and 256. i

-

=
1=
(P5)
o
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Q

SETUP AND OPERATING PROCEDURES

The setup and operating procedures to be performed in preparation for each
operational run of the Stars PCM Data Processor system are described in

the following paragraphs. When a change in the format of the telemetry signal
to be processed is indicated, the programming must be revised accordingly

by changing the patchboards, which comprise the processor instruction center.
The procedural steps given here are based on the assumption that spare
patchboards have been prepared in anticipation of the signal to be processed.

CAUTION

Patchboards should not be inserted in their holders,
or removed therefrom, when power is applied, since
the making and breaking of the circuits they control
can generate transients capable of damaging the
associated transistors and diodes,

Once the patchboards have been installed and power has been applied, a
fifteen minute warm up period should be observed to allow operating para-
meters to stabilize before the additional setup procedures are performed.

GENERAL INSTRUCTIONS

a. With system power switch in OFF position, select pre-
programmed patchboards for signal to be processed and
insert them in their proper places on racks B and C,

b. Press and release PCM POWER switch on Control and
Indicator Panel, rack B. POWER switch plate glows
green when primary power is applied.

c. Make sure that all other power switches are on. The
meter on each panel should indicate 110-125 volts ac,
and all three meters should indicate the same rms
value, +5%.

d. Check to be sure FAN POWER indicator lights on the
panels of the appropriate units are energized. A FAN
POWER indicator light is located on the front panel of
the PCM Decimal Display, the Data Quick Look Monitor,
the Error Monitor, the PCM Search and Lock, the PCM
Data Accumulator, and the Bits/Word/Frame Counters.

e. Observe READY light on front panel of the Digital Signal

Synchronizer (rack C). This light glows green when
synchronizer circuits are energized.
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Allow a 15-minute warm up period to elapse for
stabilization of operating parameters., During the warm-

up period, make the following adjustments and obser-
vations:

1. Select the desired operating mode for the Data
Quick Look Monitor with the CONTINUOUS/
SINGLE switches on the front panel of the unit.

2. Select the desired operating mode for the Error
Monitor with the RESET SELECTOR AUTO/
MANUAL switches for PARITY and FRAME SYNC
cn the front panel of that unit,

3. Rotate the PARITY and FRAME SYNC ERROR
SELECTOR switches on the front panel of the
Error Monitor unit to program the error
counters as desired,

4. Observe the TEMPERATURE LIMITS indicators
on the Control and Indicator Panel of rack B at
frequent intervals for indications of over-
heating. If an overtemperature indication is
observed, immediately remove secondary
power from the rack affected by reversing the
procedure of stepe. 1.

I1-41




SECTION I

THEORY OF OPERATION

A, INTRODUCTION

This section describes the function and theory of operation of the GSFC-
designed units comprising the STARS PCM Data Processor. The Bit
Synchronizer and Simulator Units are described in their respective manuals
provided by the vendor.

In the following discussion reference is made to functional drawings included
at the end of every unit section. Figure IIi-1 explains the circuit symbols

and signal designations used in all drawings Jfigures). It should be noted
that the input-output line relationship in FA's and DM's or DMA's is collinear,
meaning that a trigger on the input line will produce a true (-6 VDC) output on
the output line collinear with the input line, and a false (0 VDC) output on the
other output line.

The theory of operation is presented in terms of logical functions which are
performed by the circuits involved without detail explanation of the actual
circuits., It is assumed that the reader is or will have acquainted himself |
with the basic function and operation of logic circuits such as flip-flop, one
shot, gate, etc. A detail description of circuits used herein is given in the
Computer Control Company's (3c) Instruction Manual For S-PAC Digital
Modules, dated 8 July 1963, and Section V of this manual.

In reference to FA and BC circuits, the terms Set and Reset are used to
designate the state of the output lines used. Set means '"true'' and Reset
"false'" output. When a counter is said to be ''reset' it means that
all of itg '"true'' outputs used are forced to assume 0 vdc. In some cases
particular output pins are referred to as being set or reset. Also, the set
or reset side of an FA is arbitrarily designated by the vendor as indicated

in the S-PAC manual. This convention is not always followed herein.

means

- Each subsection is preceded by a functional description of the unit, explain-

ing what the particular unit does in relation to the overall system and the
specific functions generated therein. The units covered in this section are:
Search and Lock, B/W/F Counters, Accumulator, Decimal Display, Quick
Look, and Error Monitor. The first three units function in conjunction

with each other to generate the required signals. Therefore, when reading
about one of them, the reader may have to refer to figures and text descri-
bing the others as well to find the source of certain signals mentioned
theréii. The other three units function independently.

*(NOTE: Reference should be made to Fig. III-35, Page I11-66, for

definition of symbols used throughout this Section.)
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B. SEARCH AND LOCK UNIT

FUNCTIONAL DESCRIPTION

The primary function of the search and lock unit is to lock the system in i
synchronization with the input PCM data train. Until frame (or word) sync
is acquired the unit holds the system in a search condition. As long as the |
system is in this condition data cannot be passed to the STARS buffer. To 1
acquire frame sync the search and lock unit operates in conjunction with the
bits /word/frame counters unit which sends pulses indicating the occurrence
of frame sync words. When a programmed number of frame sync patterns
are recognized in the search and lock unit in coincidence with the frame sync

1

+1 v 1
5, tie system 1s

ocked in synchronization with the input data.

If, after frame sync has been acquired, frame sync pulses are missed, the
search and lock unit will flywheel through a programmed number of missed or
invalid frame sync pulses before reverting to the search condition. Reacqui-
sition of frame sync once the system is in the search condition is done
automatically. ’

Although seldom used, the search and lock unit has circuits for the acquisition
of word sync. When word sync is used, it is first necessary to acquire word
sync and then frame sync before the lock level is generated. The system
remains in the search condition until this occurs. The word sync pattern is
recognized in the search and lock unit. It must occur in coincidence with a
programmed number of end of word pulses from the bits/word/frame counters
unit for the acquisition of word sync. The flywheel function also operates for
word sync.

In addition to the search and lock operation the search and lock unit also
performs several other functions. It converts the serial input data train into
parallel form for use by the word sync, frame sync, and subcom sync recog-
nizers, and for distribution through the remainder of the system and to the
buffer; it generates 2-usec pulses from the input clock signal which are
counted in the bits/word/frame counters unit to determine end of word and the
occurrence of frame sync and subcom words, and which are used as strobe
pulses throughout the system; it automatically reverses the polarity of the
input data when it is determined to be out of phase with the clock signal; and
it generates a reset pulse for the entire system.

THEORY OF OPERATION

Strobe and Clock Pulse Generation

Strobe and clock pulses are derived from the input clock signal by the strobe

generator circuit shown ion figure III-2., The clock signal is derived from the

-
dir=

-
-
w



input data supplied by the bit synchronizer, and occurs at the data bit rate. The
input clock signal is inverted at DI3-27 and then applied to DM5-9 and DM6-22.
Due to a second inversion at DI3-16, the DM's will be alternately triggered

by the leading and trailing edge of every clock pulse. The assertion output of

DMS5 (pin 17) is designated C', and the negation output (pin 28) is designated

C' (both of which are strobe pulses); the assertion output of DM6 (pin 10)

is designated CD, and tke negation output is designated CD. The CD pulses
trail the C' pulses by 180°. The phase and polarity relationship between the
various pulses derived from the clock signal is also shown in figure III-2.

Search and Lock Function

The acquisition of frame sync requires the ccincident occurrence of a pro-
grammed number of frame sync recognition pulses with the proper frame sync
word (or words). When this occurs the system is then locked in sync with the
input data train. Until this time the system is searching for frame sync. If
the satellite whose data is being processed uses word sync, then this must be
acquired before frame sync. The system does not go to the lock condition
until both have been acquired. In the discussion of the search and lock unit
which follows the more usual case in which the satellite uses frame sync only
will be considered first, followed by the sequence of cperations when word sync
is also used. It will be assumed iritially that the input data is in phase with
the clock signal, and then the case of out-of-phase data will be discussed.

The frame sync pattern is detected by the in-phase frame sync recognizer
(fig. III-3) which puts out a frame sync pulse (FS) each time the pattern is
recognized. The inputs to the in-phase recognizer are obtained from the
main shift register (serial-to-parallel converter, fig. III-4) by patching them
to the proper shift register stages (complements of the frame sync pattern) so

(S PPy ~ 117 o
Lila b d.J_l. LLL‘I\J LD

errors. As an example, assume that a satellite uses the eight-bit frame sync
pattern shown in figure III-1. The recognizer would then be patched into the
stages of the shift register specified in the figure. (For definition of true-
false outputs of shift register stages see paragraph on Serial to Parallel Data
Conversion. ) Patching into the shift register must be done so that the least
significant bit of the frame sync pattern is patched into the least significant
bit stage of the shift register, and succeeding bits into corresponding shift
register stages. The order of patchirg into the recognizer is not important,
however, recognizer inputs which are in excess of a particular satellite's
frame sync pattern must be patched to ground, A frame sync recognition
pattern of up to 32 bits can be accommodated.

will be "zercs' when the frame syne pattern appears without

ea'l LI RIIIT

The recognizer may be programmed to tclerate from zero to five bit errors

in the frame sync pattern and still provide FS pulses. This is done by patching
-6 volts to the appropriate patch pcint on the error detectcr cards. These
ards are designed by GSFC and are discussed in Section V, Special Circuits.

The DI's in series with eack input to the error detectors invert the sigrals



so that errors in the frame sync pattern will appear as '"'ones'' at the error
detectors, If the number of ''ones'" does not exceed the allowable number of
errors for which the recognizer is programmed, the cutput from the error
detector will be an analog signal more negative than -1.5 volts, the threshold
voltage of the ST. This triggers the ST ard a FS pulse is generated. When
there are more errors than the error detector is programmed te accommodate
the output from the detector varies between zero and -1.5 volts, and no FS
pulses are produced.

9

FS pulses are checked in the in-phase frame sync circuit {(fig. III-5) for
coincidence with frame sync word (FSW) pulses supplied by the words/frame
counter of the bits/word/frame counters unit, When the programmed number
of FS and FSW pulses appear in coincidence, the frame sync circuit generates
a word and frame jock level (WFL) which locks the data processor in sync

with the input data., While searching for frame sync three discrete combi-
nations of signals can occur: (1) (FS)(FSW'); (2) (_fS—)(FSW); and (3) (FS)(FSW).
The first two comprise the search pulses, and the third is the lock pulse, the

only valid combination of two signals occurring in coincidence.

The in-phase frame sync circuit contains a search counter which speeds up
the acquisition of frame sync by continuously presetting the words/frame
counter until the frame sync pulse appears in the proper word, and a lock
counter which gives confidence that frame sync pulses which do appear in

the proper word are valid by counting a selected number before generating
WFL. The search counter also acts as a flywheel once the system is in sync,

'The output of the search counter is patched to the search gate for the initial

search function, and to the flywheel gate for the flywheel function. For the
search function, the search counter is set for a smaller number of counts

than the lock counter. Before frame sync is acquired FS and FSW' pulses -
(invalid frame sync words) are gated together as the input to the counter.
When the selected number of these pulses occur (usually a very small number)
DN7-21 goes positive. This results in a FR pulse which presets the words/
frame counter to the correct count, and resets both the search and lock
counters., The process is repeated until FS and FSW appear in coincidence,

Note that the first FS pulse is gated through DI9-25 and passes out DI10-23
as a FR pulse which presets the words/frame counter., This is done on the
assumption that the initial FS pulse is a ''geod' pulse. Consequently, the Data
Processor will, in most cases, go into sync faster with a minimum loss of

~data. If the assumption proves to be incorrect the search counter will preset

the words /frame counter in the usual manner until the FS and FSW pulses
occur simultaneously. The positive-going trailing edge of the first F'S pulse
at FA6-22 resets the flip-flop. This puts DI9-18 at the '"zero' level which
prevents following FS pulses from being gated through. This condition
prevails until the flip-flop is returned to the set condition by an external
reset (Eﬁ) pulse or by the loss of frame sync.

The output of the lock counter is patched to NAND gate inputs U-18, -20, -22,

ITT-5



or -24 so that the gate is enabled after a selected number of gated FS and FSW
pulses have been counted. These gated pulses indicate that the frame sync
pulses are appearing in coincidence with the proper frame sync word, When
DN8-9 gees positive FA6-27 goes to the "one' level. The system is now in
sync with the input data and WFL is sent to the accumulator unit and the bits/
word/ frame counters undt so that processing of data can now begin. If word
sync is used, word lock level is patched to C-23 where it is gated with frame
lock level to produce WFL.

When the lock counter reaches the selected count, it and the search counter are
reset, Also note that the gated FS and FSW pulses from DI10-34 result in FR
pulses which preset the words/frame counter each time they occur.

If frame sync pulses are missed after the system is in sync, the search
counter performs the flywheel function until a selected number of missed
pulses occurs. At this time frame lock is lost and the search counter resumes
the search function.

When the frame lock level is obtained DN7-34 and DN7-19 go to the ''zero'' level.
This inhibits both gates so that the input to the search counter is the gate with
FS, FSW and frame lock level as inputs, and the output from the counter is
through the flywheel gate. Each time a FSW pulse occurs without a coincident
FS pulse, the counter advances by a count of one. The system will then flywheel
until the programmed number of missed FS pulses occur. If this happens
DN7-17 goes positive. This causes a positive transition at FA6-29 which returns
the flip-flop to the set condition. WZFL is now lost so that no additional data can
be dumped into the output register in the accumulator unit, and a dump command
is sent tp the buffer. The search and lock counters are also reset and the

words /frame counter is again preset. The normal search function now resumes
to reacquire frame sync.

In case the satellite whose data is being processed uses word sync, then word
sync must be acquired before frame sync. Both are required to generate
WFL and place the system in the lock condition.

The acquisition of word sync requires that a programmed number of word sync
pulses (WS) occur in coincidence with end of word pulses (EWP) from the

bits /word counter of the bits /word/frame counters unit. While searching for
word d sync three discrete combinations of signals can occur: (1) (WSHEW!");

(2) (WS)(EW) and (3) (WS)(EW). The first two comprise search pulses, and
the third is the lock pulse, the only valid combination of two signals occurring
in coincidence.

Word sync pulses are detected by the recognizer circuit shown in figure III-6.
Both the in-phase and out-of-phase recognizers are shown in the figure., A
word sync pattern of up to three bits can be accommodated. The recognizers
can be patched to tolerate one bit error and still put out a word sync pulse.
The in-phase recognizer provides both the word sync pulse, WS, or its
complement, WS,

ITI-6



In-phase inputs are patched to points in the main shift register which will give
all "ones' when the word sync pattern occurs, The out-of-phase inputs are
patched to the complementary bit positions so that if the input data is initially
out of phase with the clock the sync pattern will be recognized in this circuit.
If the input data is initially in phase DN19-31 goes positive when the word sync
pattern occurs without errors, and DN21-21 goes negative when the pattern
occurs with one error (or no errors). If the input data is initially out of
phase, DN20-21 goes positive when the sync pattern occurs without errors,
and DN21-7 goes negative when the pattern occurs with one error (or no
errors). Note that the outputs which allow one bit error also provide a word
sync pulse if there are no errors,

Word sync pulses and end of word pulses are compared for coincidence in
the in-phase word sync circuit (fig. III-S). It is identical in construction
and function to the in-phase frame sync circuit.

Inputs to the search counter for the initial search function are gated WS and
EW' pulses. For the flywheel function the inputs to the counter are gated
Wws an‘ti"EW pulses and word lock level. The lock counter receives gated WS
and EW pulses for its input, The first WS pulse received results in a WR
pulse which resets the bits/word counter. Word lock is obtained when a
positive transition occurs at FA6-26.

WL is gated with frame lock to produce WFL, thus both word and frame sync
must be acquired before the Data Processor can be locked in sync with the
input data.

When the input data train is initially out of phase with the clock signal, the
frame sync (or word sync) pattern is detected in the out-of-phase recognizers
and compared for coincidence with FSW (or EW) pulses in the out-of-phase
frame or word sync circuit, The out-of-phase frame sync recognizer is
shpwn in figure III-3, It is patched to the true bit POSitions Qfssmms . samien
the frame sync pattern in the main shift register so that the inputs will be all
"zeros' if the frame sync pattern appears without errors, but out of phase
with the clock. Operation of the out-of-phase recognizer is identical to that
of the in-phase recognizer discussed above. The out-of-phase word sync
recognizer has also been discussed above in connection with the in-phase word
sync recognizer,

Figure III-7 is the logic diagram for the out-of-phase frame or word sync
circuit, When word sync is used it performs the search and lock function to
obtain word sync only. If word sync is not used, it performs the same

function to obtain frame sync. In addition, it generates a signal which reverses
the phase of the input data when the search and lock function is completed.

The operation of the out-of-phase frame or word sync circuit is almost
identical to that of the in-phase frame and word sync circuits except that it
does not perform the flywheel function. This is not necessary as the circuit
does not operate after it completes the search and lock operation and reverses

III-7



the polarity of the input data. The in-phase and out-of-phase search counters
and lock counters are set for the same number of counts.

If word sync is used the input to the search counter is gated WS' and EW'
pulses, and to the lock counter, gated WS' and EW pulses. When only frame
sync is used, the search counter receives gated FS' and FSW' pulses, and the
lock counter gated FS' and FSW pulses. The FR/WR pulses are used to reset
the words /frame counter when only frame sync is used, and the bits/word
counter when word sync is used.

A positive transition occurs at FA16-26 when the lock counter has counted
the programmed number of gated WS'and EW or FS' and FSW pulses, This
causes FA16-27 to go to the ''one' level. The positive transition which
occurs at FA16-28 as this happens triggers DM14 which puts out a search
pulse. When only frame sync is used, the search pulse is patched to point
C-18 in the in-phase frame sync circuit so that WFL is generated when the
search pulse is received. If word sync is used the search pulse is patched
to point CL19 in the in-phase word sync circuit. When the search pulse is
received WL is generated, and thé search and lock function to acquire frame
sync then begins. The search pulse is also fed back to FA16-29 to reset
the flip-flop.

The positive transition at FA16-28 also causes a reversal of the polarity of the

input data, so that search and lock operations will now be performed by the
in-phase frame sync circuit only.

Serial to Parallel Data Conversion

The main shift register (fig. III-4) receives data in serial form from the output
of data polarity inverter circuit (fig. llI-2) and distributes it in paraliel form
through the system and to the buffer. Data is also required in parallel form
by the frame and word sync recognizers in the search and lock unit, The

shift register contains 32 stages (20 through 231) with the least significant bit
stage connected to the output of the data polarity inverter. The set output of
each stage is designated the true stage, and the reset output is designated the
false output. Note that the true outputs are connected to even numbered patch
points (V2 and U2 for the 20 stage) and that the false outputs are connected to
odd humbered patch points (V1 and V2 for the 20 stage).

Data is strobed into the shift register at SR11-23 and -24, the level control
inputs, during the latter half of each data bit by C' pulses. The level control
inputs are active when at the '""zero'' level. To set a ''one', for example, into
this btage, the set level control must be at the '"zero' level when the strobe
pulde arrives. Once a bit has been set in the first stage it is shifted through
the register by succeeding C' pulses.

The Set output of each stage is fed to the shift register output power amplifiers
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located in the error monitor unit. Amperex indicator triodes connected to the
reset output of each stage monitor the contents of the register.

Data Polarity Inversion

When the input data is not in phase with the input clock signal the polarity of
the data must be reversed. The in-phase condition of the input data is defined
with respect to the clock signal, and is illustrated in figure III-2. This

figure also shows the polarity inverter circuit.

When the input signal is any type other than modified biphase, patch points

Al and C15 are connected, as are points D16 and C17. Assuming that
initially FA7-28 is at the ''one" level, the input data will be gated through
Di2-19 and then through DI2-11. As a result of the additional inversion of

the signal through the latter gate, the output signal at DI3-33 is reversed in
polarity with respect to the signal at DI2-33. With the signal polarities shown
at this point in figure III-2, a 'one" will be strobed into the first stage of the
shift register,

If it is determined that the input data is out of phase with the clock signal, a
positive-going signal will be received from the out-of-phase frame or word
sync circuit which is applied to FA7-24 and -26, This triggers the flip-flop
and FA7-27 goes to the 'one' level. Outputs from DI2-6 and DI2-16 are now
inhibited, and the input data is gated through DI3-20 and DI2-9. As a result,
the polarities of the signals at DI2-23 and DI3-33 are reversed.

If the input data is modified biphase-coded, patch point A2 is connected to C15,
and D17 is connected to C17. To accommodate it the synchronizer is set for

a NRZ-C signal at twice the bit rate of the incoming data. This results in a
clock signal at twice the bit rate which must be divided by two in the search
and lock unit. To 'éccomplish this the input clock signal is fed through a flip-
flop before being applied to DM5-9 .and DM6-22. . The modified biphase

data is passed through a conversion circuit so that the output at FA7-7 is a
standard biphase signal.

System Reset

The system reset circuit is shown in figure III-6. It consists of a voltage
divider network, a ST, and a PA. Depressing the reset push button switch
causes a positive transition to occur at ST22-17. This results in a negative
pulse from the ST. The pulse is inverted by the PA, which drives the external
reset lines in this and other units.
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C. BITS/WORD/FRAME COUNTERS UNIT

FUNCTIONAL DESCRIPTION

The bits/word/frame counters unit supplies FSW and EW pulses necessary to
acquire and maintain frame and word sync to the search and lock unit, and
acquires and maintains subcom sync. To do this the unit determines and
identifies the occurrence of end of words, end of frames, particular main frame
words, particular subcom words, and recognizes subcom sync patterns. It
consists of nine discrete circuits: a bits/word counter,a words/frame counter,
three frames/subcom counters, three subcom sync pattern recognizers, and a
subcom counter corrector.

The unit is designed to perform two distinct types of subcom synchronization;
one is the detection of a specific sync pattern, the other is making a natural
count of main frames located in a specific word(s). In the first case, the fixed
sync pattern is recognized and checked for proper location in the main frame.
This is an assynchronous subcom used, for example, by the S-17 satellite,.

In this case subcom sync acquisition requires a subcom pattern recognizer used
in conjunction with a frames/subcom counter.

For the second type of subcom synchronization, the word in which the subcom
counter is located is checked every frame for a predetermined count of main
frames indicating the beginning or end of the subcom. This is a synchronous
subcom and is used, for example, by the S-49 satellite. Subcom synchronization
in this case requires using a frames/subcom counter in conjunction with the
subcom counter corrector circuit.

THEORY OF OPERATION

Bits /Word Counter

The bits/word counter is used to determine the end of words, Figure III-9 is
the logic diagram for this circuit. Since the input data is processed through

the Data Processor in NRZ there will not be a pulse for every data bit. For

this reason C' pulses are counted to determine end of word.

The outputs of the counter stages are patched to NAND gate DN6 depending

on the number of bits per word for the satellite whose data is being processed.
Until end of word occurs, EW' is generated at D17-6. When end of word does
occur, these pulses are cut off, At this time EWL is passed through NOR gate
DN6-13 to set FA10. The output of FAL0 then resets the counter. The counter
may also be reset by WRor WR/FR pulses from the search counters in the
search and lock unit as they perform their function.

A word advance pulse is obtained each time FA1Q0 goes to the set condition.
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This pulse is used to advance the words/frame counter.

Words/Frame Counter

Word advance pulses are counted in the words /frame counter to obtain FSW,

EFP, and frame advance pulses. In addition, any particular word (or words)
in a frame can be obtained at the output of the counter stages. Figure III-10

is the logic diagram for this circuit.

For each word advance from the bits/word counter, a positive transition
occurs at DI9-6. The positive transitions are counted to give the word count.
Inputs to the counter reset gate (patch points W1 through W7) are patched to
the output of the counter stages so that the gate will be enabled when the
number of words in a frame have been counted. When this gate is enabled
EFP is generated at PA16-26. On the trailing edge of EFP, FA10-34 goes
positive, putting the FA in the set condition. The outputs of the FA then reset
the counter. A frame advance pulse is obtained at FA10-31 each time the

flip-flop goes to the set condition.

FSW is obtained by patching the counter preset gate inputs (patch points W8
through W14) to the outputs of the proper counter stages to enable the gate
when the frame sync word occurs. (If the frame sync pattern is longer than a
single word, the gate is enabled when the last word of the pattern occurs.)

At this time FSW will be generated at DI9-12 and its complement, FSW, at
DI9-27. Except for the time FSW is present, FSW' pulses are continuously
generated at DI9-33.

Note that the Data Processor must be in sync with the input data if the FSW

pulse obtained is in fact in coincidence with the frame sync word. Therefore,

(OP R85

before system sync is obtained, the counter is preset by FR or W/FRfrom
the search and lock counters, or by FSW, to the word number following the
last frame sync word. Thus if the last frame sync word is word number
three of each frame, the counter is preset to a count of four. This is the
count the counter should contain if the FS or FSW pulses which were obtained
are correct. By presetting the word/frame counter the acquisition of system
sync is speeded up, so that a minimum of data will be lost.

To preset the counter, patch points Ul through U7 are connected to the proper
counter dc set and reset inputs, patch points V1 through V14, so that when
DI9-16 goes positive the counter will be set to the desired count. The diodes
in series with the reset node input of each counter stage are necessary
because this input does not have a built-in buffering diode.

Subcom Sync Acquisition - Fixed Subcom Word Pattern

To obtain subcom sync when the subcom word patterns are fixed it is normally
necessary to detect the pattern in the proper subcom word. In some cases,

I711-18



the subcom word is followed by a verification word which must also be
recognized in the proper subcom word. After a fixed number of subcom
words have been counted, the verification word should then be detected in
a second pattern recognizer. If the verification pattern appears in the
proper subcom word, a pulse is then generated indicating the acquisition of
subcom sync.

Logic diagrams for the three subcom sync recognizers are figures III-11,
I1I1-12, and III-13, They differ from the frame sync recognizers only in that

a NAND gate is available with the subcom sync pulse and WFL as inputs. A
positive output pulse is required in this case. For the operation of the subcom
sync pattern recognizer, see the discussion of the frame sync recognizer,
paragraph on Search and Lock Function.

The three frames/subcom counters differ in that counter no. 1 has seven
counter stages, and counters no. 2 and nc. 3 have six counter stages each.
Logic diagrams for the three are figures III-14, III-15 and III-16. For this
discussion reference is made to figure I1I-14, frames/subcom counter no. 1.

Using frames/subcom counter no. 1 in this application, the subcom word
recognizer is patched to point S13 and the verification word recognizer is
patched to point P16. The recognizers should be patched so that S13 goes
negative and P16 goes positive when the words are recognized. Counter preset
gate inputs (patch points S1 through S8) are patched to the words/frame counter
so that the gate is enabled each time a subcom word occurs in a frame of

data. (That is, the subcom words for this particular subcom. The satellite
may have more than one subcom. For these subcoms other unique words in the
main frame will be subcom words. ) Patch point N16 goes to the 'one'' level
each time a subcom word is detected, so this peoint is patched to the counter
input, P14, Thus the counter advances each time a subcom word is detected.

Counte r preset patch points Pl through P7 are connected to the counter preset
inputs Q1 through Q1l4, so that when FA10-31 goes to the ''one'' level the
counter will preset to the desired zount. The outputs of the counter stages

are patched to the inputs cof the counter auxiliary gate (patch points S9 through
S12, and R9, R10, and R11) so that the gate will be enabled when the number
of subcom words by which the verification word follows the subcom woxrd
pattern have been cocunted. The output of this gate at R13 is patched te Glé.
The counter reset gate is alsc patched to the output of the counter stages so
that the counter will reset at this time.

The sequence of operations is as fcllows: When the subcom word pattern is
recognized DI16-7 goes positive. At the same time the words/frame counter
should be at the subcom word sc that DN9-9 will go positive. If both these
actions occur simultaneously FA10-31 goes to the ''one' level and the counter

is preset (zsually to a count of one). Now each time a subcom word occurs

in the words/frame counter FA24-31 goes negative and the counter advances

by a count of one. The first subcom word was also counter in the same manner.
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After the number of subcom words by which the verification word follows

the subcom sync word have been counted, DN9-21 goes negative which results
in a positive transition at FA24-26. Coincident with this, the verification
word should be recognized in a pattern recognizer so that FA24-25 will be at
the '"zero'" level. With this point at the '""zero'" level, the positive transition

at the reset input (pin 26) will put the flip-flop in the reset condition. FA24-28
now goes to the "zero'" level which results in a flag being generated in the
accumulator to indicate the acquisition of subcom sync.

Subcom Sync Acquisition - Variable Content Subcom Word

When the satellite whose data is being processed uses a particular subcom
sync word whose content increases by a count of one each frame, then repeats
itself after reaching a maximum count, a frames/subcom counter is used
with the subcom counter corrector circuit to acquire and maintain subcom
sync.

In this application there is only one subcom word per frame, and it is the same
word every frame. The frames/subcom counter is advanced by a count of one
each frame by EFP obtained from the words/frame counter. The content of
the counter is compared in the subcom counter corrector with the content of
the subcom word obtained from the main shift register. As long as there is a
one-to-one correspondence between the content of the subcom word and the
frames/subcom counter the system is in subcom sync with the data.

In operation, as long as the content of the counter corresponds with the content
of the subcom word nothing further occurs in the frames/subcom counter.

Should a preselected number of bad comparisons occur in succession, the
counter reset gates in the counter correcior will dump the subcom word {rom
the shift register into the counter preset inputs. With the counter now updated
to correspond to the content of the subcom word, the correspondence should be
maintained for succeeding frames. If not, the counter will be again updated
from the shift register after the selected consecutive number of bad comparisons
again occurs.

The frames/subcom counter preset gate (fig. 1II-14) is patched to the output

of the words/frame counter (fig. III-10) so that the gate is enabled each time
the subcom word appears. The pulse from the gate is used in the subcom counter
corrector (fig. III-17). It is obtained at patch point S14 and connected to C34

in the corrector. Both the set and reset outputs of each counter stage are
connected to the comparison circuit gates in the corrector. The counter preset
inputs (patch points Q1 through QIl4) are connected to the counter reset gates,
also in the corrector. If the counter is to count less than 128 frames (its
capacity), then the counter reset gate must be patched into the outputs of the
counter stages so that the counter will reset when the highest frame number
occurs.

The input to the corrector is a comparator circuit for checking the content of
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the frames /subcom counter. Both the set and reset outputs of each counter and
shift register are patched to the input gates of the comparator. Patch points
E21 through E34 receive the outputs of the counter stages, and patch points

F21 through F34 receive the outputs of the main shift register stages. Since
there are 14 input gates, the length of the subcom word is limited to seven bits.

A four-stage counter is used to count bad comparisons. The output of the
counter is patched so a strobe pulse will be generated to dump the subcom sync
word from the shift register into the frames/subcom counter after a selected
number of consecutive bad comparisons have occurred. This number may be
two to eight. After eight consecutive bad comparisons the SUBFRAME COUNT
INCORRECT indicator located on the search and lock unit lights to warn the
operator that subcom sync has been lost.

The content of the subcom word in the shift register is available at the

series of NAND gates attached to patch points D21 through D34, These gates
are used to update the frames/subcom counter to agree with the subcom word.
Patch points D21 through D27 are connected to the set inputs of the counter,
and D28 through D34 are connected to the reset inputs. The gates are strobed
after the preselected number of consecutive bad comparisons have occurred.

Comparisons are continually being made in the comparator circuit since

it is patched into the main shift register. However, the only comparison of
interest is the one which occurs when the subcom sync word is in the com-
parator input gates. Therefore, the output of the comparator is strobed by a
negative pulse obtained from patch point S14 of the frames/subcom counter
when the subcom word occurs. This pulse is connected to patch point C34.

The output of the comparator circuit, DN24-21, is at the ''zero' level for a
good comparison, and at the ‘one'’ ievel for a bad comparison. If the com-
parison was good, DN24-9 goes positive when the subcom word strobe pulse
arrives, and the counter is reset. If the comparison was bad, DN24-17 goes
positive and DI23-23 goes negative when the subcom word strobe pulse arrives.
This results in advancing the counter by a count of one, and a positive
transition at FA10-15, The positive transition has no effect on tke flip-flop,

as its reset level control (pin 16) is not at the 'zero' level. Should the
preselected consecutive number of bad comparisons occur for which the

output of the counter is patched, FA10-16 will go positive. If the next com-
parison is bad, the positive transition at FA10-15 will result in the flip-

flop going to the reset condition. This results in strobe pulses at DI23-12

and DI23-16 which update the frames/subcom counter to match the content of the
subcom word. FA1l0 remains in the reset state until the next subcom word
pulse is received or the system reset pushbutton is depressed.

If eight consecutive bad comparisons occur BC25-9 goes to the positive

condition. This enables the attached NOR gate so that DI23-6 goes negative.
The SUBFRAME COUNT INCORRECT indicator then lights.
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D, ACCUMULATOR UNIT

FUNCTIONAL DESCRIPTION

The accumulator is an extremely versatile unit consisting of unrelated
counters, gates, flip-flops, one-shots, and indicators which may be con-
nected by patching. Its operation largely depends on the format requirements
of the satellite whose data is being processed. Certain common commands
are required by the buffer regardless of the satellite format, but the method
of generating these commands in the accumulator will likely be different for
each satellite.

Functions performed by the accumulator are:

(1) Generates commands for the buffer. These include data
present (DP), time present (TP), subcom sync {(SCS),
dump, a special (or alternate) DP, and frame sync quality.
DP, TP, and dump will always be required. Which of
the others are used depends on the requirements of the
particular satellite. All buffer commands are positive
Z2-usec pulses.

(2) Provides data to the buffer in a specified format and at
specific time intervals. Data is strobed from the data
register of the accumulator by the buffer following each
DP pulse. The data register can accommodate up to 32
bits; the first nine bit positions (20 to 2.8) of the register
may be multiplexed to provide the frame sync bit error
count and the content of subcom no. 1 counter on the
regular data lines,

(3) Generates special flags such as subcom present, subcom
location in main frame of data, and frame sync quality
(or confidence).

(4) Detects a change in bit rate of the input data, and sounds a
buzzer to alert the operator. A flag is also sent to the
buffer at this time indicating change of bit rate. The
operater must then adjust the synchronizer to the new bit
rate in order to reacquire frame sync. Bit rate change
detection circuitry is included to meet a special require-
ment of the S-17 satellite.

In the theory of operation discussion which follows the operation of the accumu-
lator will be related to its actual use with the S-17 and S-49 satellites. The
unit functions in a different manner for each of these satellites,therefore, the
reader should get a better idea of how the accumulator may be used to accom-
modate other satellites with different formats.




THEORY OF OPERATION

Buffer Commands

The accumulator can generate a maximum of six commands for the buffer,

These include DP, TP, SCS, dump, alternate DP, and frame sync quality.
In figure III-18, the gate and indicator marked flag 1 is used to send
alternate DP to buffer and indicate that it has been generated. Likewise,
flag 2 is used for SCS, flag 3 for dump, and flag 4 for frame sync quality.
Probably every command wiil not be needed for a particular satellite, so
those not needed are not generated, :! commands are iritiated at the end
of specific words or at end of frame. However, due to buffer timing, all
commands are delayed before being sent to the buffer. SCS and dump are
always generated at end of frame. If, for example, frame sync is lost, the
dump command is automatically generated, but not until end of frame so
that the frame being processed when sync was lest will be passed to the buffer
before processing stops. All commands are irhibited by the buffer when it
is not able to accept data,

Data present commands instruct the buffer to strobe data being held in the
accumulator data register. If the buffer is able to accept data at this time

it does so. Data is also strobed into the accumulator data register each time
DP is generated. For the S-49 satellite, a DP pulse is generated every
three words; for the S-17, at the end of every two words.

EW pulses are counted tc obtain DP for S-49. The pulses are counted by
binary ccunter BC20 (fig. III-19) whose output is decoded by NAND gate DN19.
Each time three EW pulses are counted a DP pulse is obtained at patch point
G14, BC20 is reset at this time by DMAZ27 whose output 1s patched to Hl4.
The one-shot is triggered by NOR gate DP and EF pulses obtained from gate
3 (fig. I1I-#B). The output from gate three is also patched toc D1 (fig. III- -£20)
where it is used to strobe data inftc the accumulator data register. From
(G14, the DP pulse is patched to DMAZ25 (fig. 111-18). DMA25 provides a 60-
usec delay, and then triggers DM12 (fig, III-21). The output pulse from
DM12 (DP') is taken from J12 and patched to E12 of gate 2 and D11 of the
frame sync quality flip-flop FA13 (fig, I11-18). DP is gated with EF in gate 2,

‘Tke output from gate 2 is taken at E14 and gated with (WFL)(DL) in gate 4.

(WEFL)DLj is gated with all commands so that if frame sync is lost, commands
canrotf be sent to the buffer. (It is obtaired at patch point Bl, figure III-20).
The output of gate 4 is patched to K15 to trigger DMA26 which provides the

DP command for the buffer,

For the S-17 satellite a DP pulse is r‘e%ulred at the end of every two words,
Therefore, EW, (WFL}DL), and the 2" bit from the words/frame counter are
gated together at DM10 (fig, III-20) to obtain DP. The output of the gate is
taken at J17 and patched to DMAZ25 (fig. I1I-18). DMA25 provides a 60-usec

- delay, and then triggers DMA26 whose output pulse is the buffer DP command.

The DP oniput pulse from NAND gate DN10 also strobe data into the accumulator
data register,

T e
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The time present command instructs thebuffer to strobe time from the time
decoder. For the S-49, TP is initiated at the end of each frame, and sent to
the buffer after an 80-usec delay. For the S-17, the command is initiated

at the end of word 1 of each frame, and sent to the buffer after the same delay.
EF and (WFL)DL) are patched to the time present gate (fig. III-18) for S-49.
The output of the gate is patched to J2 where it triggers DMAZ27. After a 80-
usec delay, the output pulse from DMA27-10 is sent to the buffer as the time
present command. The command for S-17 is generated in the same manner
except that word 1 from the words/frame counter is patched into the time
present gate along with EW and (WFL)DL).

The subcom sync command instructs the buffer to start writing records at a
specific frame. It is generated at end of frame and transmitted to the buffer
after a delay.

For the S-49, gate 1 (fig. III-18) is patched into the output of subcom counter
no. 1 so that the gate is enabled on a count of 127. The output of the gate is
patched to J7, the level control on FA23 (fig. III-19). EF is patched to the
reset input of the flip-flop (J8) so that it goes to the reset conditions with the
arrival of the first EF pulse after gate 1 is enabled. The output of FA23 (J5)
is patched to J6, the input of NAND gate DI22. The other inputs to the DI are
EF and (WFL)(DL). DMAZ26-25 is triggered by the gate output, and provides
a 240-usec delay. Patch points J9 and J4 are connected so that the output

at DMA26-31 triggers DMA26-22. The output of this DMA, B3, is patched to
the flag 2 input gate (fig. III-18) along with WFL and (WFL)}{(DL). Each time
the gate is enabled a subcom sync command is sent to the buffer.

For the S-17 satellite, every other subcom sync command generated is sent
to the buffer. This is done by placing a flip-flop to perform a divide-by-two
function between the DMA which provides the necessary delay and the ocutput
DMA.

To generate the subcom sync command for this satellite, SC1S'is patched

to the level control (J7) of FA23 (fig. III-19). Gate 1 (fig. III-18) is patched
to subcom counter no. 1 so that it is enabled by word 47 or 48 of subcom 1.
The output of the gate is patched to the reset input (J8) of FAZ23, thus the
flip-flop goes to the reset condition when word 47 or 48 of subcom 1 occurs,
provided subcom 1 sync has been acquired. The reset output at FA23-6 is
patched to J6, one input of DI22. Thke other inputs of the DI are connected to
EF and (WFL)DL) so that DMA26-25 is triggered when end of frame occurs.
The output of the one-shot is wired to FA23-13 and -15, the set and reset
inputs of the flip-flop, so that FA23-11is at the "one' level for alternate
subcom sync pulses. The output of the flip-flop (J3) is patched to J4, one
input to NAND gate D122, (WFL)(DL) is patcked to the other gate input (K3).

Each time FA23-11 goes to the "one'' level there is a 2-usec pulse from DMA26-10.

This pulse, along with WFL, is patched to the input of the flag 2 gate. Each
time the gate is enabled a subcom sync command pulse is sent to the buffer.

A dump command is generated whenever frame sync is lost., It is initiated at

TEZ-33



end of frame and sent tc the buffer after a 240-usec delay.v The dump circuit
functicns identically for both the S-49 and S-17 satellites. (WFL)(DL) is

permanently connected to DI22-19 ({ig, III-19). If frame sync is lost, (WFL)(DL)

goes negative, and triggers the attached DMA which, after a 240-usec delay,
triggers DMAZ25-22. The output from the latter DMA (B2) is patched to the
input gate for flag 3 where it is inverted arnd passed on to the buffer.

The S-49 satellites generate a frame syr.c quality command whick instructs
the buffer to generate a frame sync gquality flag. This command is generated
at the end of each frame so long as the frame sync bit errcrs do not exceed a
predetermincd number. The set level control of the frame sync guality
flip-flop (fig. 11I-18) is permanently connected to the frame sync error indi-
cator in the error menitor unit. As long as the set number of bit errors does
not occur the level control remains at the ''zero' level. The set input of the
FA (C15) is patched to CD; the set cutput (B20) is patched to the flag 4 input
gate along with EF. As long as frame sync quality is good the command is
sent to the buffer at end of frame. If the quality goes bad, FA13-33 goes to the
"one'' level and the command cznnot be generated. The flip-flop is returned
to the reset condition each frame by patching DP' tc DI11.

Data Register and Output Circuits

The accumulater data register receives the output of the main shift register
from the shift register output power amplifiers located in the error monitor
unit, and passes it to the buffer in a specific format and at specified time
intervals. The output of each stage of the register is passed through a NAND
gate or a DI inverter which isolates the accumulator from the input circuits of
the buffer. The first nine bit positions (2.0 threough 28) of the register may

be multiplexed with the content of the frame sync bit error counter and subcom
counter no. 1, so that this information may be sent to the buffer on regular
data lines when desired.

Up to 32 bits can be accommodated by the dg’ta register {ﬁg. 111-20). If the
last five stages of the register are used (22’ through 23 ), their outputs must
be patched to the DI inverters identified by indicator triodes number 28 through

32 shown in figure III-2]1. Indicator triodes 19 through 22 (fig. III-20) may be
shared, therefore, if they are to be used with the data register they must be
patched to register stages 218 through 221, Note that the reset output of the 20
through 28 register stages are used, whereas the set outputs of the 2.9 through
231 stages are used. This is because the outputs of the 2% through 28 stages
are used as inputs to NAND gates; the remaining stages are merely passed
through DI inverters to the buffer.

Input data is fed to the level control inputs of each FA of the data register. An
FA will go to the set or reset condition when strobed depending on whether the
set or reset level control is at the '"'zero' level when the strobe pulse arrives,
The number of bits dumped into the data register and sent to the buffer is
dependent on how cften DP pulses are gernerated. The S-17 word consists of
eight bits; the S-49 word consists of nine bits. Since a DP pulse is generated




at the end of every other word for the S-17, sixteen bits are strobed into the
register for each DP pulse. For the S-49 a DP pulse is generated every three
words, sc that 27 bits are strobed into the register for each DP pulse.

Strobe pulses for the register are obtained by patcking into patch points D1 and
K17, Gated EW pulses and 20 pulses from the words/frame counter are used
as strobe pulses for the S-17. The cutput of the gate at patch point J17 is

also used as the DP pulse for tkis satellite. Strobe pulses for the S-49 are

obtained by patching (DP)(EF) pulses to point D1,

Data cannot be strobed inte the register until WFL is obtained, or if WFL

is lost after the system is in sync., The buffer also prevents strobing data
into the register when it is not ready to receive it by inhibiting DI11-13.

WFL is patched to point G17. When the system acquires sync FA9-14 goes

to the "zero'" level, so that the first EF pulse (patched to H17) causes the
flip-flop to go to the set condition. The strobe gate is now enabled and data
can be strobed into the register. If WFL is lost, or if the data sync inhibit
line from tke buffer goes positive, FA9-16 goes positive and the next EF pulse
causes the flip-flop to go to the reset condition, inhibiting the strobe gate.

The output of the flip-flop at patch point Bl is also used to control command
gates so that commands cannot be sent to the buffer if the flip-flop is in the

reset condition. (WFL)(DL) is obtained at this point. This flip-flcp is

also controlled by the DATA PRESENT-DATA DELETE switch, SW1. With
the switch in the DATA DELETE pocsition, FA9-16 goes to the positive level
so that the next EF pulse puts the flip-flop in the reset condition. Thus data
cannot enter the register, nor can commands be sent to the buffer.

The buffer output circuits (fig. III-21) receive the output of the data register
and makes it available to the buffer. When required, the contents of the
frame sync bit error counter and subcom counter no. 1 can also be trans-
ferred through this circuit to the buffer. The 2,0 through 28 bits from the

data register are fed to NAND gates controlled by the output at FA13-27. The
29 through 231 bits from the register are passed through DI inverters and on
to the buffer, When the 227 through 231 bits are required, they must be
patched to the DI inverters identified by triode indicators no. 28 through 32.

These same inverters may alsc be used to send special flags to the buffer.

If the contents of the frame sync bit error counter and subcom counter no. 1
are to be sent to the buffer, FA13-28 must be at the "zero'" level. For the
5-49 satellite this is dore by patching EF to K5, This enables the gates
attached to the frame sync bit error counter and to subcom counter no. 1, and
inhibits the gates attached to the 20 through 28 stages of the data register.
FA13-28 is returned to the ''one'' level by the first DP pulse of the frame so
that data can be passed through the gates to the buffer. This circuit is not
used for the S-17. For this satellite, EF pulses are patched to Ké to ensure
that the data gates remain enabled.



Special Flags

Special flags are sent to the buffer to indicate such things as subcom present,
subcom locations in the main frame, end of file, and frame sync quality.

The flip-flops identified as auxiliary flags and indicators in figure III-18 may
be used for this purpose, as well as any available gates in the figure. Flags
may be sent to the buffer over regular data lines by patching into K9 through
K12, J15 and J16, or A20 (see fig. 1II-21). The frame sync quality flip-

flop ard two of the auxiliary fiag flip-flops (FA14-12 and FA15-28) are
permanently connected to output lines,

Only one flag (subcom sync} is generated for the S-49 satellite, whereas ten
flags are generated for the S-17. For the latter satellite, the occurrence

of the three subcom syncs, particular words in each subcom, and iwo frames

~f all "ones'" are flagged, as are change of bit rate and frame sync quality.

Four examples will be discussed here: three are rather routine, and the fourth,
"two frames of all ones' for the S-17, requires the use of flip-flops included

in the accumulator specifically for this purpose. The change of bit rate flag
will be discussed in paragraph on Bit Rate Change Detector in connection

with the special circuit used to detect change of bit rate.

The subcom sync flag for the S-49 is obtained at the time the subcom sync
command is initiated. The subcom sync flag pulse is taken at patch point J5
(fig. III-19) passed through an inverter, and sent to the buffer by patching

the inverter output to K10 (fig. III-21). Subcom no. 1 of the S-17 is flagged by

patching SC1S' to the set level control (D14) of FA13, and the 25 bit from
subcom no. 1 counter to the set input (D12) of the FA (fig. III-18). The output
of the flip-flop (D15) is sent to the buffer by patching to K11 (fig. III-21). EF
is patched to D13 to return the flip-flop to the reset condition. Word 2 of
subcom no. 1 is flagged by patching the oulput of the subcom no. 1 flag flip-
flop (D15) to the set input (C12) of FAl4. 2% from the words/frame counter

is patched to the set level control (Cl1) of the flip-flop. Thus if subcom 1
sync occurs while 24 is at the ''zero' level, the flag which is generated
indicates that subcom no. 1 occurred in word 2 of the main frame. The flag
is sent to the buffer by patching the flip-flop output (C14) to J16 (see fig. III-21).
This flip-flop is also returned to the reset condition by patching EF to the
reset input.

To generate the flag indicating two frames of all ""ones' for the S-17, the two
four-stage counters shown in figure IIi-19 are used in conjunction with the
two FA15 flip-flops shown on the same figure. The two counters are connected
by patcking H12 to H13 and H14 to H15 to form a single eight-stage counter.
A frame of all "ones' gives a count of 192, therefore, the counter output
gate is patched into the counter to decode this count. Input to the counter is
the 20 bit from the main shift register obtained at patch point C2 (fig. III-20),
The gate output is taken at G13 and patched to HIl and H2, the inputs to the
two FA15 flip-flops. When the first count of 192 occurs FA15-12 goes to the
"zero'" level. The other flip-flop was not affected because its level control,
FA15-19, was at the "one' level. Now that this point is at ''zero'' level, the
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next count of 192 causes FA15-7 to go to the ''zero' level, and a flag is
sent to the buffer. JI is patched to K9 for this purpose. The counter is
recet at end of frame,

Bit Rate Change Detector

Data from the S-17 is transmitted at two bit rates. Real time data is sent at
400 c¢ps, and recorded data is sent at 7. 2 ke, The first data on an analog tape
for one pass of the satellite will be real time at the low bit rate followed by
recorded data at the high bit rate. In some cases the bit rate on the tape may
go from the high rate back to the low rate. The bit rate change detector
circuit sounds a buzzer which alerts the operator that the bit rate has changed,
He then must set the synchronizer to the new bit rate so that the Data Processor
can reacquire sync. If the data goes from the low bit rate to the high rate, and
then back to the low, a stop command is sent to the buffer indicating end of file.
The buzzer also sounds in this case. Figure III-21 contains the logic diagram
for the bit rate change detector circuit.

The input data is fed through a DI inverter to FIL6, a special circuit card
containing four bandpass filters. One filter passes 400 cps and a second
passes 7.2 kec. The two remaining filters are tuned to four times these
frequencies so that analog tapes may be processed at four times the recorded
speed. The output from the filter which will pass the input frequency is fed to
SC8. This special circuit card contains an emitter follower for each output
from FIL6. The signal from SC8 then triggers a ST. Special circuit cards are

discussed in Section V,

The first data on the input tape will be at the low bit rate (400 cps, or four
times this if the tape is played back at four times the recorded speed). FA13-3],
FA13-6, and FA13-11 are all at the '"zero" level as a result of ER pulses when
the system is initially started. This places DI11-30 at the 'zero' level and the
gate is inhibited. The output from DIl1-16 cannot pass further, so nothing
Lappens until the bit rate changes from low to high.

When this occurs, there will be an output from ST10-10 or ST10-27, depending
on whether or not the input tape is being played at the reccrded speed or four
times the recorded speed. As a result, a positive transition occurs at DM12-25

triggering the one-shot, B24 is patched to K10 to flag the change of bit rate,
The positive pulse from the one-shot places FA13-31 and FA12-11 at the '"one"
level (K13 is patched to K14). Thke buzzer now sounds. It is cut off by WFL

at FA13-31 when the Data Processor again syncs with the input data at the new
bit rate. FA13-31 remains at the '"'one'' level so that if the bit rate returns
from high to low, a signal can be gated through DI11-26 to again sound the

buzzer alarm and send a stop command tc the buffer,

2

Sheuld this kigh to low change of bit rate occur, DI11-23 will go positive
triggering the cne-shot at DM12-26, and putting FA13-7 in the "zero' state.
The buzzer now sounds and a stop command is sent to the buffer indicating end
of file. Before processing of data can begir again, the synchronizer must be
readjusted for the low bit rate and the external reset button must be depressed
to reset the three flip-flops in the bit rate change detector circuit.
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E., ERROR MONITOR UNIT

FUNCTIONAL DESCRIPTION

The error moniter unit gives a visual indication of frame sync bit errors and
parity errors. Signals are also sent to the accumulator so that flags may be
generated fo indicate the occurrence of a predetermined number of frame sync
bit errors. Located in the error monitor unit are the power amplifiers for
the main shift register. These amplifiers distribute the input data from the
register to the bits/word/frame counters unit, the accumulator unit, and the
quick look monitor unit.

THEORY OF OPERATION

Frame Sync Bit Error Monitor

The frame sync bit error monitor is made up of the frame sync bit error
register (fig. III-22), the bit error counter and the frame sync error indicator
circuit (fig. III-23). The input gates to the shift register are patched to the
complements of the frame sync pattern at main shift register output PA's

(fig. III-Z24). If there are no errors in the frams sync pattern the input to each
gate used will be a ''zero' when the gates are strobed. Errors in the pattern
will result in '"ones' at gate inputs where errors exist. When the gates are
strobed, the gates with 'one' inputs will set a ''one' {(an error) into their
attached shift register stages.

FSW pulses (once per frame) are used to strobe the input gates, and thus load
all errors ('ones'') into the shift register. The pulses are inverted by the PA's
driving the strobe lines, sc the lines go negative when the pulses occur. Cc’
pulses shift the detected errors through the shift register and into the frame
sync bit error counter.

The outputs from the frame sync error shift register (SR14-6, SR14-9) are fed
to the set and reset level controls (pins 25 and 23) of FA19 (fig. III-Z,Q). Each
time a '"one' is shifted out of the register to FA19-25 the reset level control
at pin 23 will be positive and allow the C' pulse to set FA19-28. Thke NAND
gate at the output of the FA is strcbed by a CD pulse which sets a ""one' in the
five-stage counter.

Shifting and counting ci bit errors begins at the end of the frame sync werd
following the FSW puise and may take the entire time interval corresponding to
all frame sync bits. The frame sync quality level at FA19-11 is therefore
established at the end of the last frame sync bit once every frame.

The contents of the counter are continually monitored by indicator tréodes
connected to the reset oufput of each counter stage. The set outputs of the
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counter stages are sent to the accumulator unit. Error selector switch S1 and
the NAND gate network at the set output of the first three counter stages
permits programming the number of bit errors which must cccur before the
excessive bit error indicator lights, and a signal is sent to the accumulator to
indicate that this has occurred. This latter signal is cbtained at FA19-11, It
is sent to the accumulator as an indication of frame sync quality.

The counter is reset by each FSW pulse or by the system reset push button.

The excessive bit error indicator FA is reset at this time if the AUTO-MANUAL
teggle switch is in the AUTO position. If the switch is in the MANUAL position
the FA is not reset until the push button switch, S3, is depressed. The
excessive bit error indicator glows until this FA is reset.

Parity Error Monitor

Parity errors may be monitored by connecting patch point J21 (fig. III-23) to
the 29 position in the main shift register. The bit from the register is gated
with CD so that DI20-34 goes positive for every bit which passes through the
register. This causes the FA attached to Di20-34 to alternate between the

set and reset condition for every '"one'" bit. If odd parity is being checked the
set output (pin 31) will be at the ''one' level if there is an errcr; if even parity
is being checked the reset output (pin 30) will be at the "'one'' level if there is

an error. The two NAND gates at the outputs of the FA are strobed by FA19-28
at the end of every word. C' pulse resets FA19-28.

The total number of parity errors is accumulated once per frame. The parity
error counter is reset by the EF pulse every frame. It is clear that parity
errors are detected only when a parity bit is added to every telemetry word.

Depending on whether odd or even parity is being checked, HZ21 or H22 is
patched to the input of the error counter, J22. Errors are counted until the
arrival of the EF pulse which resets the counter. The contents of the counter
are monitored by indicator triodes connected to the reset output of each counter
stage. KExcessive parity errors are indicated by a UI-30 which glows after

the number of errors selected by switch S4 have occurred. If the AUTO-
MANUAL toggle switch is in the AUTO position, the FA driving the UI-30 is
reset with the counter and the indicator is extinguished. If the switch is in the
MANUAL position, the indicator glows until the reset push button switch is
depressed.

Shift Register Output Power Amplifiers

The shift register output power amplifiers distribute the data in the main shift
register (serial-to-parallel converter) through the Data Processor. Figure
II1-24 is the logic diagram for this circuit, There are two PA's in series for
each of the 32 stages of the shift register. Input to the PA's is taken from
the set output (true) of each stage. Due to signal inversion in the PA's the
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output at PA4-16, for example, is the negation of the input signal, and the
output at PA4-25 is the assertion of the input signal. Connectors no. 2 and 3
route the data into the bits/word/frame counters unit and the accumulator;
connectors no. 4 and 5 route it to the quick look monitor. Note that the
assertion outputs are on the odd numbered connectors and the negation outputs
are on the even numbered connectors.
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F. QUICK LOOK UNIT

FUNCTIONAL DESCRIPTION

The quick iock unit provides two 16-bit binary registers with Amperex indicator
triodes to display in binary form telemetry data words: frame syrc, subcom
sync, and experimenter's data, and eight 8-bit digital-to~analog ccnverters to
record data on a strip chart in analog form. The outputs from the D/A con-
verters are fed to the oscillograph amplifiers which drive the CEC recording
cscillograph. For flexibility in programming, eight auxiliary gates are
included in the quick look unit,

The content of the main shift register, the words/frame counter, the three
frames/subcora counters, and EW are all available at the patch panel of the
unit. Any of these data may be monitored by using the binary registers, or as
many as eight groups of eight bits each may be converted to analog signals for
recerding by the oscillograph.

Patching of data into the decimal display unit is done at the quick look unit

patck parel. Thus any of the data available at the patch panel may be displayed
in decimal form by the decimal display unit,

THEORY OF OPERATION

Binary Registers

The two binary registers are identical. Figure II1-25 is the logic diagram for
register no. 1; figure I1-26 is the logic diagram for register no. 2. Each
register consists of 16 FA's connected for parallel information drop~in. Input
data is fed to the set and reset level controls cn each FA. All ac set and reset
inputs are tied together to furm a common strobe line. When this line goes
positive the data at the level controls are dropped into the individual FA's, An
FA will assume the set or reset state depending on which level control input is
at the "'zero' level when the strobe lire is pulsed. That is, if a set level control
is at "zerc'" when the register is strobed, then the FA will assume the set
condition,

Thre indicators are driven by the set output of each FA, e.g., FA24, pin 28.
Therefore, in order to display the true {one) data bits, the set and reset level
controls of each FA must be patched respectively to the true and complementary
outputs of the shift register or cocunter stages. Now, when the data lines are
strobed the false outputs (positive) will enable the FA's to be reset, thus
providing positive levels to drive the indicatcrs.

Strobing of data into the registers is accomplished by means of gating the EW
pulse with any main or subcom frame word the data of which is to be displayed.

TI-:8



The patchable inputs to PA22 and DI23 are used to multiplex two additional data
words so as to enable the display of three alternate words per frame by each
register. The selection of words to be displayed is made by patching the
corresponding word counts of the W/F or subcom counters and EW to the driver
gate or any of the auxiliary gates. Patch panel pins and signals are given in
figure IiI-27.

With the CONTINUOUS-SINGLE toggle switch in the CONTINUOUS positicn, the
display changes as the input data changes, With the switch in the SINGLE
position, depressing the push button switch will hold a particular display for as
long as desired. The push button switch grcunds one leg of the strobe line
input NAND gate. With this gate inhibited the strobe line is inoperative and
new data cannot be placed in thee register. The data in the register at the time
the push button switch is depressed remains there until the switch is released
and a strobe pulse arrives,

Digital-to-Analong Converters,

The eight digital~to-analog converters are all identical. Their logic diagrams
are figures III-25 through Iil-28., KEach converter consists of an eight-bit input
register, and two LP-30 D/A converters connected to receive an eight-bit
input. The reference potential for the LP-30's is -10 volts,

The input registers are connected for parallel information drop-in and function
in the sarne manner as the two binary registers. The analog output voltage
from the LP-30's is a portion of the reference voltage, and is determined by
the combination of ''ones' and ''zeros'' at the input. If the input is all '""zeros"
the full reference vcltage will appear at the output. As the combinations of
input bits increase in numerical value, the ocutput voltage increases in the
positive direction until an all '"'ones'' input gives a 0=-velt output.

The output from the D/A converters must be amplified to drive the recording
oscillographk galvanometers, This is done in the oscillograph amplifier. The
oscillograph amplifier is a GSFC-designed unit, It is discussed in Secticn V,
Special Circuits, of this manual..

Auxiliary Gates

Eight auxiliary gates are included in the quick lock unit (fig. III-27). They may
be used, for example, to obtain strobe pulses by patching into the outputs of
the counter stages available at the patch panel. Since patching for the decimal
display unit is done at the quick leok unit, the gated EW pulse needed by the
decimal display is obtained by using auxiliary gate no. 7 and no. 8.

Each gate has eight input legs. A buffer~dicde is connected in series with each
input, The cathcdes of all the input dicdes for a gate are connected to the node

of a DI. The outputs of gates no. 7 and no. 8 are fed to the decimal display unit
through a rear connector. Gate no. 7 is used to supply the gated EW pulses for

Word B of the decimal display, and gate no. 8 serves the same purpose for Word A.

11E=49
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G. DECIMAL DISPLAY

FUNCTIONAL DESCRIPTION

The decimal display unit converts an input binary number to BCD, and
provides a Nixie display of its decimal equivalent. It contains two identical
binary-tc~-BCD converters with Nixie displays, each of which will accept an
input of up to 16 bits. Each converter consists of a control circuit and five
decade converters. Since the largest decimal number which can be represented
by 16 binary bits is 65, 535, the five decade converters and five Nixie tubes are
required for each binary-to-BCD converter.

Input data for the decimal display unit is obtained from the patch panel of the
quick look unit (fig. II1-27), thus any of the data available there may be fed into
the decimal display. Except for sharing a common patch panel the decimal
display and quick look units operate completely independently of each other.

THEORY OF OPERATION

General

Each binary-to-BCD converter consists of a control circuit, five decade con-
verters, and five Nixie drivers. The display labeled WORD A on the front

panel of the unit is identified in the figures as Binary/BCD Converter No. 2;
WORD B is identified as Binary/BCD Converter No. 1. Logic diagrams for
converter no. 1 are figures II[-29 and III-30 (typical); for converter no. 2,
figures IIl-31 and II1-32 (typical). In the discussion which follows reference is
made to figure 1lI-29, the control circuit for binary-~to-BCD converter no. 1, and
to figure III-30, decade no. 1 of the same converter. The Nixie drivers are
discussed in Section V, Special Circuits,

Control Circuit

The control circuit (fig. III-29) generates the necessary shift and strobe pulses
(except for the initial strobe pulse) to perform the binary-to-BCD conversion.
It also contains a 16-stage shift register to receive the binary input from the
quick look unit patch panel. The last stage of the shift register serves as the
least significant bit stage for decade converter no. 1 (fig. IlI-30), For this
reason, only 15 shift pulses are required for each conversion cycle. Following
the 15th shift pulse the bit in the first stage of the shift register (the 2° stage)
will be in the last stage (the 215 stage) where it represents the least significant
bit for the least significant digit of the Nixie display. The last stage of the
shift register is therefore the only stage which may ever require resetting.

ITI-3%



A conversion cycle is started by the arrival of a gated EW pulse. This pulse has
four functions:

1. It resets the decade register stages (BC's) in the five converter
decades,
2. It strobes the shift register input gates, setting a ''one'' into

each stage of the shift register which has a '"one'' at its input
gate. (Loads the binary data word to be converted.)

3. It resets the last stage of the shift register if the stage is in
the '"one'' state from the previous conversion cycle, and the
input to the stage for this cycle is a ''zero’’.

4, It enables outputs from the MV which are used to generate
the shift and strobe pulses for every conversion cycle.

As shown in Figure III-29, two distinct signals are generated by the converter
control circuits: Reset and Strobe pulses. The reset pulse is derived from the
GEW pulse which is stretched from 2 us to 10 us. This duration is necessary

in order to reset all 20 stages of the 5 converter decades. The trailing edge of
this pulse is used to set FA2-28 which enables the MV pulses. These pulses are
used to generate the strobe pulses which shift the contents in the shift register
and complement the decade stages.

To begin with, the strobe pulse counter is reset by ER so that DN6-9 has a
positive level, This inhibits the PA from sending out the first MV3-6 pulse.
The first pulse is counted, however, and thus DN6-9 becomes negative to enable
the next and subsequent pulses to be passed by the PA. These pulses are
illustrated in figure III-33. It is seen that only 15 pulses are passed for every
conversion cycle. The 16th pulse fills the counter which resets FA2-28 and
causes DN6-9 to go positive again. This action disables the MV pulses and
prevents the first MV pulse of the next conversion cycle from passing through
the PA. The generation of 15 strobe pulses is now completed. The next cycle
is started with the arrival of the next gated end-of-word (GEW) pulse. The
second part of the conversion process takes place in the converter decade
circuits as described in the following paragraphs.

Binary-To-BCD Conversion

Figure III-30 is the logic diagram for decade no. 1 of binary-to-BCD converter
no. 1. It functions as the least significant digit decade of this converter.
Reference will be made to figure III-30 in the following discussion as typical

of all decades. It functions like the other four decades, except that its least
significant bit decade register stage is the last stage (215) of the shift register,



The binary-to-BCD conversion process consists of 15 unique operations for the
16 bit word, one operation per bit. Each cperation takes place throughout the
entire 5 decade converter. However, actual logic functions are performed
beginning in decade no. 1 and progressed through the remaining decades as the
word bits are shifted in the shift register one by one.

The conversion of a pure birary number of 16 bits into its BCD equivalent is
accomplished by {a) establishing a 5 decade register, (b) examining the contents
of each register and adding '3" to that whose contents are 5 or greater, and (c)
shifting the contents of each register by one bit from the least to the most
significant bit and decade.

Table JII-1, line 6 shows the strobe pulses used to effect conversion in each decade.
The first bit is already in decade nc. 1 by virtue of its being in the 215 stage of

the S.R. which is the least significant stage of this decade. The leading transition
of the 2nd strobe pulse shifts the 2nd bit in the S.R. The pesitive strobe pulse
causes the proper decade register stage(s) tc be complemented by the corresponding
DN, thus shifting the contents by one bit. The new contents in the decade register
are now examined (decoded) by the OD during the negative strobe pulse, When the
next positive strobe pulse occurs the proper decade register stages are comple-
mented again, etc. This is repeated 15 times until all bits have been shifted
through the shift register, decoded by the OD's in groups of four, passed through
the decade registers, and finally placed in the proper register stages so that by

the end of the 15th strobe pulse the OD's are ready to decode the contents of

each decade register and drive their decimal indicators.

Table III-1 presents the actual conversion steps performed in each decade to
convert binary 22214 into decimal 22214, The underlined bit (most significant)
indicates its propagation through the converter decade stages as it was being
shifted in the conversion process. It is seen that addition of '"3", wherever
required, and shifting is accomplished simultaneously, but independently of
the shifting in the S.R. In fact, the leading transition of the strobe pulse shifts
the S, R, contents for the following operation.

The 215th stage of the S.R. is not actually complemented in this process. Itis
shown as such only to carry through the complete BCD equivalent in this decade
as it is done in the other ones, It should be noted that stages in each bracket
fcrm the 4 stage decade registers for each BCD digit of the 16 bit binary number.

Table III-2 shows the operation performed on each stage of a decade register
for a particular output decoded from its OD, The D, C, and B stages are either
complemented or left unchanged, The A stage is reset if the OD output is irom
decimal 0 to 4, and set if the output is from decimal 5 to 9. The prime on the
A stage indicates that it belongs to the previous decade.

Each decade converter consists of an OD-30 connected in the BCD-to~-decimal
configuration, a NOR gate matrix, and a four-stage decade register. The
stages of the decoder registers are designated B, C, D, and A, with the '""B"
stage representing the most significant bit, and the ""A'" stage representing the
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Converted decimal equivalent 22214

S - Strobe pulse, leading transition, shifted one bit in

S.R., and the pulse proper operated on the decade

ircuits to add 3" and shift,
For clarity only, actually does not change states.
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OD
Output r D C B A
S
T
2 i C ] - R
3 . - C - R
4 { - C C R
5 i - C - S
6 ' - C - S
7 C - - S
8 C C c s
9 ‘ - - - S
NOTE: C = Complement

R = Reset

S = Set

- = No Change
Table III-2. Decade Register Complementing for

Decoded OD Outputs
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least significant bit of the next higher decade. The ""A' stage for the decade no. 1
is actually the last stage (215) of the shift register. Since the last shift register
stage also functions as a decade register stage, the last decade register stage

of decade no. 5 is not needed and serves no purpose in the conversion process.

Data is shifted from the shift register into pins 19 and 20 of OD3 in decade
converter no. 1. The decoded output of the OD is fed through the NOR matrix
into the decade register. The outputs of decade register stages B, C, and D are
fed back to the input of OD3, Register stage A's output is fed to the input of
OD7 in decade converter no. 2. This same arrangement is also used in decade
converters no. 3, 4, and 5,

Figure IlI-34a illustrates two examples of shifting operations in a decade
register. Figure III-34 is a simple shift operation when the decoded OD output
is two; figure III-34b illustrates the addition of three to the decade register and
shifting for a decoded OD output of five. Note in this case that the addition of
three to the decade register automatically shifts the contents.

Referring to figure III-34a and figure III-30, decade no. 1 of binary-to-BCD
converter no. 1, assume that following a shift pulse the decade register

contains a BCD two. The OD decodes this input and pin 8 of the OD (the decimal
two output pin) goes positive. As a regult, NOR gate outputs DN4-9, DN4-13,
and DN5-13 go negative, When the next strobe pulse arrives the outputs of

these gates will undergo a positive transition. This complements decade register
stages D and C, and resets Stage A. Stage B is unchanged. According to

Table III-1, these are the required operations when a BCD two is decoded.
Figure III-34 shows that it has been shifted one place to the right.

For a BCD five input a count of three must be added in the shifting operation,

so the decade register must contain a BCD eight when the operation is com-
pleted. When the OD decodes the BCD five input, pin 34 of the OD goes positive
and NOR gate outputs DN4-13 and DN5-9 go negative. When the strobe pulse
arrives decade register stage C is complemented and stage A is set. Stages D
and B undergo no change. Figure III-34b shows that the decade register now
contains a BCD eight.

Following 15 shift-strobe pulses the binary-to-BCD conversion is completed.
The decoded output from the five OD's at this time is the decimal equivalent of
the binary input to the unit. This is displayed until a gated EW pulse is
received to start a new conversion cycle.
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Figure III-33. Reset and Strobe Pulses

II1-64



10
??g@ _
o
| Cl) II 0
1
JRAAS
1 |

Figure III-34. Examples of Decade Register Data Shifting

II1-65



99-1I1

s[oquig yo uon3tulye@ °Gg-II1 @and1g

uewoy Aq pajedIpul ST (IFun £I3A° U SYIOTE-S € 218 2I9Y3l) 8Y90Ig-S JO UOFIIAUUODIIIUT

*gandino ay3 aonpoad pue

sTeuBrs ay3 ssed o3 19pio uj aAf3ITsod aq 3snwm siyndut asay]l ‘A1aat3oadsaa @ pue @ sTruU3TS

103 synduy 2388 wnw% pue @ *1eu8ys ButoB8ino pue Buymoouyl ay3 ‘AyaA13oadsaa 833BDTpUT

@ pue 38 Joquis 10323Uu0d [ausd Y3 JO UOT3IOISITP JO I8UIS BYL °*ILIUT[[OD 812 SSUT]

andino-3nduy ayy @W 38 Ind3no aariedau e saonpoad 38 1euSys aAriysod 8 ‘asTMINI]

. @ 3e 3ndano aATIEBauU B s3onpoad (asind) feuBys BuyoS 2a73rsod ¥ *}o0Tq BTIT1 Suimeap
w._uckumuav:wmav_ooznmuswmw:uweo:.a.e.ozko»owncovvuuuo«wo,ﬁsbhuunacH.nm:mam @

*paT3To2ds 35TMIAYI0 8SATUN ‘wa3sAS STYI U pAUTEIUCD
83In5170 51807 T1F 03 sar1dde sjoquis 9a0QB 3yl jo 3Besn pue Buruesw 3y3 jo uoreurTdxs SuimoT03 BYyg

10393uUu0d paed 3180T—" “ -~ @ v_UOaman

o-S~1 \ﬁ
10303uu0> paed d>¥807 3o _:ml\@ N~

*paed> 51807 sIYy3l jo urd 10353UU0)H 12 @2
2¥N2112 251807 Jo 2dL] ]ﬂl
10303uu0d paes 21307 2 w4
© sz €2 ®

103o3uuoo [aued ie(nojlaeq h/ON 62

-2 o

10303uuod yaued jo .iw'l\ @ _ |

-9

*slaqunu ujd-10309uu0> ay3 Suypasead syeasunu
(83339 pue sewoyl °10303uU0D [3auegg) 103d3Un0) 3[qe) Inding-nduy — IAT

urg Teued yoled ~ O——

Na ‘Ia :31noai) o180~ (19497 10 as[ng) Indu] [euB}IS — @

*938 ‘AW ‘W@ ‘48 ‘0 ‘va :3atnoar) SwSID 12133 1dwy :3n03T) oF1BoT—

0¢ ‘1038O7pUIL :::l@
LL69 *ON ‘apoFay uSau:EHIO

UOTID3VUWOIIIJUT puB "MO[I [PUITS 'SIINIAT) °D

(peq) 38Ing pioy jo pug IsTed - M3
(peg) asIng pioM oukg sweij Isyey - ,MSJ
p31e3 - 9

13311 - TId

1ew1d23q papo) Aieurg-ol-Lleutd - 4od/d
2e1d - 14

Juasaid ejeq - 4q

3juasaxad 2wyl - 4l

JATSEIOXY - XI

Azer1IXny - xny

(usa? ‘ppo - ag ‘og) £3yaeg - g
1e3181¢-03-BoTBUy ‘Bolsuy-o3-1e3781q - Q/V ‘V/Q
1011y - 3

3JUBAPY - ApY

13juno) - ¥IJ

33313q B38Q - 1Q

woaqng -~ O§

awe1y 13d spioM - J/M

piom 1ad 8374 - M/4

2s{nd aweay jo puzg - JI

asTnd paom jJo pug - MI
aseyd-yo-ang - og

sseyd uy - 19

31283y pioM -~ UM

J989y aweay - YJ

1989y [eula3Ixy - ¥I

swexy - §

piomM - M

(@seyd-3o-no) oufg smezgy - ,Sd
(@seyd-uy) oudg aweag - §4
(eseyd-3o-3no) oukg proM - SM
(3seyd ut) ouks pioy - sM

3207 - 1

oukg - §

*239 ‘00T pioM - M ‘'3'3 ‘suoTITULIIp aayIoadsai arayl
Jo swis3 uy [eudls 3UO 3q}a083Ip UOTIITsodeIxn{ UT sSTOqUAS ‘ISIMIIYI0 PIUIIP SSATUN 'Y

*1sdoad [oquis
8yl £q pajeuBysap ST pue ‘Ag- 03 AQ WoaJ aBueyo B se paurjap 5T [euBls sayje8du vy ¢

*1oquis syl x3a0 (-)
1eq e £q pajeuBysap ST pue ‘AQ 03 a9- woay aBueyo & se pauryop ST [euldys sayarsod y ‘2

*AQ 03
spuodsaxioo ,,019Z,, Ted1807 pue ‘ag- 03 spuodsailoo ‘feudis 21801 ana3 0 ¢,auQ, 1e>1807

.
—

HEERTN
sTeudts °g

(yap1a 31qeTL8A) JOys 3UQ - VKA

203827pul ITU - In

1988111 33TWYDS - IS

12387834 33TYS - ¥S

1913¥1duwy 1m0 - Vd

a3pod3Q [PWIO3Q 18320 - O

(T3Inm 37Qe3se) YI01D 10IBAQIATITNR - AW
(v/a) 19313auon Zoteuy-01-7e831810 - 47
dotg-d71d - vd

2183 3poIp AIBT[IXNE puB 33IEH ONVN - Nd
(u3Ip¥s paxF3 10181qraIlINK Le(aq) I0Yys auQ - WA
2380 ANVN - Id

133juno) Kieuyg - og

*3anoy3nol1y3 pasn Y SITNIATOD D JO SITIBS ,,0€, YL  (9ION

53IMDIT) o¥80T 'V

§T0quAS 30 sUOTITUTIoA

*S3TU Wa3sAg JO UOTIDAUUODIIWT 103 ‘ON *BATA ‘3ISTT BUTITM UOTIDAUUODIIIUT WIISAS O I3y €
00TOTTT-SaN
*S3TN2ITO OT801 D¢ (18 30 weiBeyp >Tjewayds pus uorldIIosap [I8IIP 203
‘7961 1¥ady 11 po3ep ,s9InpoW (23181 58-S 10J [ENUEH UOTIONIISUY,, O3 SPEW 3q PINOYS IJUAIABJAY *Z

*(0g) °duy “Auedwmopy [ox3juo) aa3ndwo) £q spew
a1e walsAs STYJ UL pasn ,x, Aq pajeul1sap 260yl pue 810309330 J013g 3dadxs ‘SITnOITD 21801 IV 1

{8330N [®i3Ud)

|




Table IV-1

B, Programming of the Search and Lock Unit

Function
(Performed by one or more
circuits)

Associated Patch Panel Pins

Input Pin(s)

Signal Source Pin(s)

Data input

Clock input

Word Sync Recognition:

In-phase
Out-of-phase

Frame Sync Recognition:

In-phase

Bit Error Compensation
Out-of-phase

Bit Error Compensation

Frame Synchronization:

In-phase, Enter
Search Status
Flywheeling

In phase,

Enter Lock Status

Out-of-phase, Enter

Search Status

Cl5

C17

B1, B3, B5
B2, B4, B6

S1,S3,S5...815

NI, N3, N5. .. N15
J1,7J3,35...7J15
El,E3, E5...E15
D1, D2, D3, D4, D5, D6
S2,54,S6...516

N2, N4, N6...N16
J2, 74, J6...J16
E2,E4,E6...E16
D7, D8, DY, D10, D11,

D12

R17,R19, R21, R23
R18,R20, R22, RZ24

U18,020,U22,U24

C1l8
C23

K18,K20,K22,K24

P19
P21

Al for split-phase

A2 for modified split
phase

D16 direct

D17 divided by 2

V2,V4,V6 - True
V1,V3, V5 - False

V1,VZ2,V3,..V15,Vl1e6
R1,R2,R3...R15,R16
M1, M2, M3...M15, M16

H1,H2, H3...H15, H16
Céb

Ul,U2,U3...Ul5,Ulb
Q1,Q2,Q3...Ql15,Q16
L1, L2, L3...L15, L16
Gl1,G2,G3...G15,Gl6
C7

T18, T20, T22, T24, True
Search Counter Qutputs
T17,T19,T21, T23, False
Search Counte r Outputs

V18, V20,V2Z2,V24-True

Lock Counter Outputs

V17,V19,V2l, V23-False

Lock Counter Outputs

D18, for frame sync only

D23, for word and frame
sync only

118, L20, L.22, 1.24-True
outputs

LL17, L19, .21, L23-False
outputs

Q19, for frame sync.

Q21, for frame sync,

Cl2 or C13, for word and
frame sync only,

Iv-2




SECTION IV

PROGRAMMING

A. INTRODUCTION

Because of the different telemetry data formats employed, the Data Processor
must be programmed for each specific format associated with a particular
spacecraft. The programming is of "hard ware'' type, requiring selection of
certain circuits, input-output configurations, and buffer command timing. This
kind of programming is accomplished by means of selective patch panel wiring.
There are five patch panel assemblies whose panels are to be wired by means of
multiple pin jumpers and inserted intc the panel frames,

Wiring Tables

The following five tables, IV-1 to IV-5, describe the functions to be selected and
patch panel pins to be interconnected to accomplish these functions. Each table
is given for the unit in which the patch panel is located. When wiring these
panels, reference should be made to the figures describing the unit, to make sure
that the proper connections are secured. Complete wiring information for two
sateliite formats OSO (S-17) and OGO (S-49) is given at the end of this section,
which should serve as an example and guideline for other PCM telemetry data
formats.

Interpretation and Use of Tables

The programming tables contain three columns of information: (a) Function,

(b) Input Pins, and (c) Signal Source Pins. The "function' cclumn indicates the
functions performed by one or more circuits in the unit. The "input' column
gives the circuit patch panel pins to which input signals (pulses or levels) must
be applied to generate the function. The ''signal source' column shows the patch
panel pins which provide the required signals. It should be noted that not all
pins are always interconnected to generate the indicated functions. For example,
in Table IV-1, for the '"in phase frame lock counter' function, the pins to be
interconnected are determined by the number of ''good' frames required to ascertain
"frame lock', e.g., in case of 3 frames, pins Ul8 and U20 are connected to V18
and V20, the other pins are left unused. Therefore, knowledge of the required
format and theory of operation of this equipment is essential to properly inter-
connect the patch panel pins.,

In "Signal Source' column, counter output inslfrorzp left to right represent
binary counts in increasing order, i.e., 2%, 2°, 2%, etc. Likewise, main shift
register outputs are given in increasing order of binary weighting.

Notes and footnotes should be consulted to determine which of the many indicated
signal sources are applicable to a particular buffer tape format.

Iv-1



Table IV-1

B. Programming of the Search and Lock Unit (Cont'd)

i

Function

(Performed by one or more

circuits)

Associated Patch Panel Pins

Input Pin(s)

Signal Source Pin(s)

Out-of-phase,

Enter Lock Status

Frame or Word
Reset Signal

Word Synchronization: %%

In-phase, Enter
Search Status

Flywheeling

In phase, Enter
Lock Status

Word Reset Signal

Word Search Light

S m— e, s gy e+

- M18, M29, M22, M24

P17

P23

B10
B8
E17,E19,E21,E23

E18,E20,E22,E24

H18, H20, H22, H24

C19

C20 %%

C21%%

Q20, for word and frame
sync only.

N18, N20, N22, N24-True
outputs

N17, N19, N21, N23-False
ocutputs

Q17, for frame sync.

Q18, for word and frame
sync only.

Q23, for frame sync

Q24, for word and frame
sync orly.

C9 or C11l (depending on
sync bits)

C8 or C10 (depending on
sync bits)

G18, G20, G22, G24-True
outputs

G17, G19, G21, G23-False
outputs

J18, J20, J22, J24-True
outputs

J17,J19, J21, J23-False
outputs

D18, for frame and word
sync only.

D19, for frame sync

D20, for frame and word
sync only.

D21, for frame sync only

4
<
1
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Table IV-1

B. Programming of the Search and Lock Unit (Cont'd)

* All inputs not patched to the Shift Register must be patched to
GROUND. (See figure III-3)

"True' outputs are designated by even numbered pins and
"false' outputs are designated by odd numbered pins. Ul, V1
and U2, V2 represent the least significant (29, 2°) stage; and
H15, G15 and H16, G16 represent the most significant

(;;’T, 231) stage. For less than 32 bits per word, the shift
register outputs are truncated from right to left, e.g., for a
16 bit word the first 16 stages from left to right are used and

the last 16 stages are truncated.

*% Except for C20 and C21, inputs for this function shall be
patched only when "word sync'' is used together with "frame
sync'., C20 and C21 shall be patched to the appropriate sources
in either case as indicated.



Table IV-2

C. Programming of the Accumulator Unit

" Function 1 Asscciated Patch Panel Pins

(Performed by one or more

circuits) Input Pin(s) Signal Source Pin(s)

; 3
| Buffer Commands:*
i Data Present

A7, See Note 2 J17 special case (5-17)
G1l4 normal (S-49)

5 K16, See note 1

Elé

K18,K20...K24 Trus W/F

i
Time Present J2

B 24

Alternate Data

Fl, F2... F6

See note 3

F7

J10, J11, G8, G9, G10,
Gl1,Gl2

J19,J21..J23 counter
output

K19,K21...K23 False
W/F

J18, J20.. J24 counter
outputs

Bl

H8,H9,H10,H12, H3..
H6, True outputs

Present F8§8, F9... F13 . See note 3
1: | Fl4 . Bl
: Subcom Sync G7 | B3
Dump A8 B2
Frame Sync Confidence | Al0 POAlL2
b ALl ! B20
Frame Sync Flag C1l5 , Cl8
D11 A1l2 or proper frame
; word
Bit Counting Gl5 ‘1 Cc2, 20 stage of S. R. to
; count '""1' bits
Glé . Cl18
! HI3 | HI12
' H14, HI15 i Al6, Resets Counter
Word Counting . Gl5 | E18
; |
|
\

Divide by "2"

H1, HZ
A22

H7,HIl1, False counter
cutputs

G13

Al3, Resets once/
frame




Table IV-2

C. Programming of the Accumulator Unit (Cont'd)

Function
(Performed by one or more
circuits)

Associated Patch Panel Pins

Input Pin(s}

Signal Source Pin(s)

Subcom Sync Pulse
Generation

Buffer Register
Loading and
Generation of

Data Present Pulse

Multiplexing
Buffer Output Data

Buzzer

Expanding the Data
Register

.........

J8
J7
J6
J4
H17
K17
D1

Kb
K5
Kl4

Kl1i,K12, J15,J16, A20
K9,K10, B23

D12,D16,C8,C12, B7,
B9, Bl4

El,E2...E7,

E9,E10...E13

A3

A4, A23

J14

K1

E8 or A12 See note 4
F7 or E8 See note 4
J5

J3 or J9 See note 4
Al3

K18 See note 5

E18 See note 5

Gl4 See note 6
Al3 See note 6
K13

B10, Al, A2, Bl6, B2#*x*
From Auxiliary Flag
Flip-Flops

See note 7

* All commands are not always required.

Whichever command is not

required, one of its gate inputs must be patched to GROUND.

a2,
"

* These connections should be used to expand the buffer data register

only, Otherwise, the inputs are to be used whenever special data,

or flag bits, e.g.,S5-17, have to be sent to the buffer.

*%% Circuits (gates, flip-flops, one-shots) are provided for the purpose of
generating special functions which might be required by various buffer
tape formats. Inputs to these circuits are given to identify each available
circuit. The signal sources are not listed because they may vary with
each format. A thorough knowledge of the format requirements and circuit
operation is necessary in order to make proper use of and connections to

these circuits.
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Table IV-2

C. Programming of the Accumulator Unit (Cont'd)

NOTES:

This is the normal connection as is done in S-17. For S-49, the signal is
derived from 2 sources and added through Gate 4. Therefore, K15 is
connected to A6 in place of K16,

Normally, data present command pulses are generated periodically at the
end of every word or multiple words. In case of 3 or more words Gl4
provides the proper signal. In S-17, the commands are generated every 2

&

words, and are obtained from K18 (20 stage of the W/F counter).

Time present commands may be derived from the W/F counter if they are
to be given within the frame, or from the EF pulse if they are required at
the end of each frame (S-49). Likewise, the alternate data present
commands may be derived from the same sources (Word 30 for S-17).

Whenever telemetry data is subcommutated and the computer format requires
data block synchronization with respect to a subcom channel (word), a
subcom sync pulse is generated which produces the buffer command.
Depending on the subcom sync word location and requirement for subcom sync
flagging, the signal can be generated at the end of word following detection or
end of frame. In S-17, for example, it is generated at the end of word 30,
thus J8 is connected to E8. In S-49, it is generated at the end of frame,
therefore, J8 is connected to Al2, Similarly, for S-17, J7 is connected to
F7, and for S-49, J7is connected to E8. The inputs to the gate of E8 are
obtained from the appropriate W/F or subcom counter stages. Also, in
S-17, the subcom sync command is given to the buffer every other time,
therefore, J4 is connected to J3, whereas for S-49, it is connected to J9.

These connections are valid only for data present pulses to be generated
every 2 words, e.g., (S-17). In other cases, e.g., S-49, additional ''loose"

circuits must be used to provide the proper input signals.

Multiplexing is enabled by triggering K5 and disabled by triggering K6. To
permanently disable it connect K6 to A13, e.g., S-17, where it is not used.

Outputs of the word/frame and all subcom (frames/subcom) counters are
given in Figure III-19.
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Table IV-3

D. Programming of the B/W/F Counters Unit

} Function

: (Performed by one or more _

circuits)

¥
¢

1:

!

Associated Patch Panel Pins

Input Pin(s)

Signal Source Pin(s)

Generation of End of
i

\ Word Signals (EW)

|

| Generation of Frame
" Sync Word (FSW)
Signals and End of
Frame Pulse

FSW, FSW, and FSW'

EF

’ Subcom Synchronization*#*

(Normal)
Frames/Subcom No. 1

Subcom Counter No. 1

!

Y1,Y2,Y3,Y4, Y5

Y10
Y9

W8, W9, W10, Wll, w12
W13, W14

V1,V3,V5,V17, V9,
Vi1li, V13

V2,V4,V6,V8, V10,
V12, V14x*

Ul3

Ul4

W1, W2, W3, W4, W5,
W6, W7

P14
R1, R2, R3, R4, R5, R6,
R7, R8

S1,S2,83,54,55, 56,
S7,S8

Q1, Q3,0Q5,Q7, Q9,
QI11,Q13

Z1,2723,25,27,29 -
True outputs

22,724,26,728,210 -
False outputs

- 816
. Ul6 for frame sync only
- T16 for word and frame

i

sync only

X1, X3, X5, X7, X9

- X11,X13 - True outputs
© X2, X4, X6, X8, X10, X12

X14 - False counter
outputs

- U1,U02,U3,U4, U5, Ub, U7T*

¢ X1,X3...X13 - True

X2,X4....X14 - False

. Q16 or Ul (inverted)
- T1,T3,T5,T7,T9, Tl1,

T13 - True outputs

- T2,T4,T6,T8,T10,T12,

T14 - False outputs

. X1, X3, X5, X7, X9, X11,

X13 - True output
X2, X4, X6, X8, X10,
X12,X14 - False output

» D21, D22, D23, D24, D25,

D26, D27




Table IV-3

D. Programming of the B/W/F Counters Unit (Cont'd)

Function
(Performed by one or more
circuits)

Associated Patch Panel Pins

Input Pin(s)

Signal Source Pin(s)

4

|
i
|
i

p——— e m— e .

Correction

Correction Flywheel

r Multiple Subcoms ¥*%*

Subcom Sync

- Recognition No. 1

Bit Error Compensation

Q2, Q4, Q6, Q8, Q10,
Q12,Q14

F21, F22, F23, F24,
F25, F26, F27, F28,
F29, F30, F31, F32,
F33, F34

E21,E22,E23..E34

C34
C31,C32,C33

Q1, Q3, Q5, Q7, Q9,
Q11,Q13

Q2, Q4, Q6, Q8, Q10,
Q12,Ql4

s9,S10,S11,S12, R9,
R10, R11

Pl4
S13
P16
Gl6
N19, N20... N34

P19, P20. .. 34

H20, H21, H22, H23,
H24, H25

D28, D29, D30, D31, D32,
D33, D34

Fourteen outputs, 7 true
and 7 false, are obtained

from the S. R. See
fig. III-9

T1, T2, T3, T4, T5, Té6..
T13,T14

S14

C25,C27,C29 - True
counter outputs

C26,C28,C30 - False
outputs

P1, P2,P3, P4, P5,P6, P7 .

Only when presetting '
to "o" '

T1,T3...T13 - True
outputs

T2, T4...T14 - False
outputs

Nleé6

P18

M18

R14

219, 220.,. Z234-True
outputs

V19,V20...V34 - True
outputs

U19, U20...U34, Q19, ;
Q20...Q34 :

False shift register
outputs, see fig. [1I-9 |

H26 :

Lo e e
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Table IV-3

D. Programming of the B/W/F Counters Unit (Cont'd)

Function ,'. Associated Patch Panel Pins
(Performed by one or more § :
circuits) . Input Pin(s) i Signal Source Pin(s) :
| [ i
Subcom Sync Recogni- r M19, M20...M34 Same as for no. 1 }
tion No. 2 ' L19, L20... L34 X
Bit Error Compensa- . G20, G21, G22, G23, G24 | H28
tion boG2s !
Subcom Sync ¢ K19,K20...K34 Same as for no. 1 i
Recognition No. 3 é J19, J320...J34
Bit Error Compensation { H29, H30, H31, H32, G26
H33, H34
Subcom No. 1 i Q1,Q3...Q13 Pl, P2, P3,P4... P7
[ presets counter.
Synchronization CQ2,0Q4...Q14 P1, P2...P7 presets
‘ counter to '""0'" only
(See figure III-16) R1,R2,R3,R4...R8 T1,T3...T13 True
counter outputs. See
Note 3.
T2, T4...T14 False
'; counter outputs
., S9,S10,511,S12,R9, ! T1,T2...T14, counter
'E R10, R11 . outputs, see note 1.
' S51,52,53...S8 . See Note 2
'gg P16 © L18, (S-17, special case)
- Gl6 ' Rl14 (S-17, special case)
Pl4 N1é6 (S-17, special case)
Subcom No. 2 I KIl1,K2...Kl2 ' J1, J2..J6 Presets
': ~ counter
Synchronization | L1, L2... L8 : See Note 2
(See figure III-15) M9, M10...M14, L9 ' See Note 1
M1, M2... M8 ., N1, N3...N11l, True
! counter outputs. See
i Note 3.
I N2, N4... N12, False
} ~ counter outputs
v J14 L16 (S-17, special case)
. Ll10 , P18 (S-17, special case)
boM16 ' L18 (S-17, special case)
i HI16 L14 (S-17, special case)
I
IV=-10



Table IV-3

D. Programming of the B/W/F Counters Unit (Cont'd)

' Function " Associated Patch Panel Pins
| (Performed by one or more 5
circuits) Input Pin(s) Signal Source Pin(s) |

i

Subcom No. 3

Recognition El,E2....E12 ! D1, D2...D6, presets
I counter
(See Fig. III-14) Fi,F2...F8 : See Note 2
G9, G10...G14, F9,E16 | See Note 1

Gl,G2....GS8 H1,H3...H1ll, True

H2, H4...H12, False

v outputs
|1 Dl4 0 J16
F10 | P18
K16 - L18
! F1l6 Fl4
|

outputs. See Note 3.

See

Kk

Kk

Note 4.

When the counter is to be preset to '"0'' use these inputs in place of V1,
V3....V13. '

This function is for synchronous subcommutation only, e.g., OGO (5-49),
having one subcom which is updated and corrected by the spacecraft's
subcom counter., For asynchronous subcoms, like S-17, this patching
does not apply.

Asynchronous subcommutation as in the OSO (S-17) satellite, where two
independent subcoms are used, requires special programming and is
considered herein as a special case. Therefore, a thorough knowledge
of the format, and operation of the three Frames/Subcom Counters is
required (See Section III, B/ W/F Counters Unit) whenever similar
formats are to be programmed. This part of patching does not apply to
synchronous subcommutation as in S-49.
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Table IV-3

D. Programming of the B/W/F Counters Unit (Cont'd)

NOTES:

This gate is used to decode subcom word(s) wherein the subcom sync code
or verification code is to be found, e.g., S-17. It may also be used for
other functions requiring the decoding of certain counts and ''clocking"
them in conjunction with signals associated with the subcom synchronization

This gate is used to preset the subcom counter to a particular count or zero.
in the S-17 case, this is preset to '"0" when the following signals are in
coincidence: Word 2 or 18 of the main frame and recognition of subcom sync
(S13 receiving a negative pulse from P18). Similar preset gates are used for
subcom 2 and 3 counters to preset them when subcom sync is recognized in
coincidence with the corresponding main frame word(s). In fact all three
frames /subcom counters perform identical functions in synchronizing three
independent subcoms.

The reset gate is used to reset the counter at a particular count, i.e., all
"true'' outputs are set to ''0'" when a given count is decoded. For example,
in S-17, the counter is reset at the count of ''48''.

It should be noted that there are three subcom sync recognizers (fig. III-11
through 111-13), intended for use with each frames/subcom counter whenever
each subcom has a unique sync code. However, when the same sync code is
used for several subcoms, but located in different main frame words, as in
the S-17 case, then the same recognizer may be used to detect the presence
of this sync code, and applied to the preset gates of all counters involved.
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Table IV-4

E. Programming of the Error Monitor Unit

" Function i Associated Patch Panel Pins
" (Performed by one or more -
circuits) ‘ Input Pin(s) Signal Source Pin(s)

Parity Error Count - J22 " H22 for even parity
and Indication ‘ .~ H21 for odd parity

( J21 - K1
Frame Sync Error El,E2,E3....E16 ' KI1,K2,K3...Kl16

: , ‘ True S. R, Outputs

! Count and Indication ' D1,D2,D3...Dl16 ©J1,32,33....7316
(See figure III-22) ‘ + HI1,H2,H3...Hl16

: ‘ False S. R. Outputs
: . Gl1,G2,G3....Gl6
See Note '

NOTE:

The input pins are of the frame sync shift register. The source pins are of the
main data shift register where the frame sync code is found. For proper
operation, the input pins must be patched to the complementary frame sync code
bits in the main shift register. For example, if the frame sync code is 10011000,
then the first eight inputs must be patched to H1, K2, K3, H4, H5, K6, K7, K8,
and all other inputs to Ground.
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Table IV-5

F. Programming of the Quick Look Unit

' Function Associated Patch Panel Pins
i (Performed by one or more - ; e e}
circuits) Input Pin(s) J‘ Signal Source Pin(s) :
!
Binary Display of ' ULU3Us...USL | 21,22,23...Z16 - Trge ?
b : S. R. outputs 20 _ 215
Data Words* = U2,U4,U6....U32 7 V1,V2,V3,..V16 -False
; A i S. R. outputs 20 _ 215
| (Register No. 1) : Gl,G2....G9 ! W/F Counter outputs or
; ! f Subcom Counter outputs
? | Gl0, Gll . Gates 1 thru 6%*
1 | ‘
D/A Conversion . R2,R4....RI16 | Z1,Z2,Z3....28
of Data Words R1,R3..... R15 i V1,Vv2,VvV3,,...V8 i
For Strip Chart El,E2,E3....E8 |  W/F Counter Outputs and '
! Ew
Recording *%¥% Elo0, E9 FaAk

L (Converter No. 1) : ‘,

‘
i f,- ,

*

&%

Ak

There are two identical 16 bit binary displays which can be programmed to
display two 16-bit words or one 32-bit word by patching proper shift
register outputs(figure III-27), to the appropriate binary register stages,.
Listed herein are connections of the first 16 bits (2.0 - 277) to be displayed
for one of the registers. The second is patched similarly.

If more than one word per frame is to be displayed auxiliary decoding gates
1 thru 6 can be used to load the data of the desired words. The EW signals,
G23-G28, must be patched to every gate used.

There are eight 8-bit digital-to-analog converters to convert and record

eight channels of digital data. Each channel may contain one or more words.

If several words are to be converted per channel, auxiliary gates 1 thru 6 should
be used to supply strobing pulses. The EW pulse must be applied to every

gate used. The other converters are patched similarly to that listed herein.
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Table IV-5

G. Programming for the Decimal Display Unit

" Function : Associated Patch Panel Pins I
(Performed by one or more . : l
circuits) " Input Pin(s) .' Signal Source Pin(s) !
Binary-to-BCD F12,F13....F19 i W/F Counter Outputs,
, | and EW
Conversion, Word A S17, S18..... S32 ! Zl,Z2... 7232 *
i
B/BCD Conversion, Fl,F2..... F1l8 | W/F Counter Outputs,
i and EW :
Word B S1,52.....516 L' z1,z2....232 % |
£

Conversion of binary data to BCD is limited to 16 bits per word. Proper bits
(S. R. outputs) must be selected and patched to the inputs in order to convert

and decimally display the desired data words. Inputs in excess of those used
per word must be patched to Ground. (See figure III-19)
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Patch Panel Wiring List For S-17
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Search and Lock Patch Panel Wiring For 5-17

Circuit Patch Panel Pins Signals
and Function From To (Level or Pulse)
Data Input Al Cl15
Clock Input Cl7v D17 Divide by 2 for NRZ
~N N
In-phase frame S1 V2 2._0 0
sync recognizer | S3 V3 21 1
S5 Vb6 22 0
S7 V8 23 | shift 0
S9 V9 24 Register 1
S11 Vil 25 | Outputs 1
S13 V14 26 | (Comple- 0| True
S15 V15 27 S ments 1 > frame
N1 R2 28 of 0 sync
N3 R3 29 | the 1| code
N5 R5 210 frame 1| (Barker)
N7 R7 211 eync 1
N9 R9 212 code) 1
N11 R12 213 0
N13 R14 214 0
N15 R16 215 0
Jl & E1l Kl GROUND
J3 & E3 K3 "
J15 & E15 K15 z
D2 Cb -6 vdc for 1 bit error
N ~
Out-of-phase S2 Vi 20 1
frame sync S4 V4 _2._1 0
recognizer S6 V5 22 1
S8 V7 23 | shift 1
S10 V10 2% | Register 0
S12 V12 25 | Outputs 0
Sl4 V13 26 | (Comple- 1 | False
S16 V16 27 > ments 0 > frame
N2 R1 28 | of 1| sync
N4 R4 29 | frame 0| code
N6 R6 210 sync) 0
N8 RS 211 0
N10 R10 2le 0
N12 R1l 213 1
N14 R13 21 1
N16 R15 215 1)
IV-17




Search and Lock Patch Panel Wiring For S-17

i
!
j
y
)

Circuit Patch Panel Pins Signals
and Function From I To (Level or Pulse)
i t
Out-of-phase J2 & E2 K2 GROUND
frame sync [ J4 & E4 : K4 i "
recognizer (Cont'd): . : i "
i i "
; . : . 1"
J16 & E16 | K16 ©ooon
D8 Cc7 . -6 vdc for 1 bit error
- Word svnc D19 ; cao ' Disables word reset (WR)
(not used D21 Ccz21 Disables word lock & search
; I lights
- Frame Synchro- V17 > Uls8 | 20" Lock Counter
nization V19 ! U20 2Tl outputs.
. (In-phase) va2z : U22 22 Locks after ''5"
: Va3 U24 23, valid frames.
718 ; R18 | 207 Search Counter.
T20 i R20 | 2l 2 Flywheel 8 frames.
! T22 i R22 22
| s17 R17 20" Search Counter.
S19 ; R19 2l Begins searching
s21 R21 i 22Y  immediately.
S23 R23 |23,
' ' Search Pulse to effect
C18 ; D18 | "Lock'" from out-of-phase.
Q17 P17 . FSW
Q19 P19 ! FSwW!'
Frame synchro- P21 Q21 i FS!
. nization P23 Q23 ' E_;eme Search
(out-of-phase) N17 M18 20 i Lock Counter.
N19 M20 . 21 Locks after "5
N22 M22 | 22 } valid frames.
N23 M24 P23
L17 K18 ’ _é?_” Search Counter.
L19 K20 | _2_1 Begins searching
L21 K22 22| immediately.
L.23 K24 24
Iv-18




B/W/F Counters Patch Panel Wiring For S-17

Circuit Patch Panel Pins Signals
and Function From To (Level or Pulse)
B/W Counter, z1 Y2 20 B/W Counter Outputs
Establishing Z3 Y4 21 H71t (8 bits)
Words, 8 bits Z5 Y5 22
per word Y9 Ule FR
Y10 S16 WFR
~
W/F Counter, Wl & W8 X1 20 W/F Counter Outputs
Establishing W2 & W9 X3 21
Frames, 32 W3 & W10 X5 22 131" (32 bits)
words per frame W4 & Wil X7 23 Establishes EF and
W5 & Wli2 X9 24 resets W/F counter.
U13 Ulé FR
Ul4 S16 WFR
Ul V2
U2 V4 W/F Counter is
U3 Ve preset to 0"
U4 V8
Us V10
N
Subcom Sync P19 Ul9 20 Shift Register Outputs
Word Recog- P20 Z20 2t for 01010101 sync
nizer 1 to P21 U2l 22 f code (MSB to LSB
detect 0101. . . P22 z22 23 from left to right)
(sync word) P23 U23 z‘é
P24 Z24 2>
P25 U25 2b
P26 726 27
H26 H20 -6 vdc for '"'0' bit errors
P27 thru P34 P17 Ground
N19 thru N34 N17 Ground
N
Subcom Sync M19 U19 20 Shift Register Outputs
Word Recog- M20 uzlo _g_l S for 11111111 sync code
nizer 2 to M21 U2l 22 verification,
detect 1111, M22 u22 23
(sync word M23 U23 24
verification) M24 U24 25
M25 U25 26
M26 U26 27
H28 G20 -6 vdc for ""0" bit errors
M27 thru M34 M17 Ground
LL19 thru L34 .17 Ground
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' B/W/F Counters Unit Patch Panel Wiring For S-17

Circuit ‘ Patch Panel Pins Signals
and Function ! From To (Level or Pulse) g
| 0 |
Frames/Subcom | R1 ! Tl 2
, Counter 1, R2 ! T3 21 ,
" Wheel Subcom R3 T5 22 To reset counter i
! Synchronization [ R4 ! T7 : _23 > at Subcom Word 48 :
" R5 j T10 - 24 and subcom sync. i
. Reset Gate ' R6 T11 c 25 | g |
5 , R8 & RI11 S14 sC1s !
. ' | : !
! 189 T1 20 To detect & establish .
" Auxiliary ! s10 T3 21 { subcom sync word '
Gate I's11 T5 - 22| verification |
S12 T7 23 ‘
1 " R9 ; T10 P24 | 7
R10 i T12 1 25  msn ?
R14 ; Gl6 To strobe verification code ‘
Preset Gate S1 j X1 ! _2_(_)_\, W/F Counter Outputs, :
S2 ! X4 2l 1\ for Word 2 or 18, 3
s3 ; X6 22 7 ("1 or "17") to !
S4 X8 ! _2.73—' preset subcom counter
S8 wie6 EW |
N16 ; P14 To advance subcom counter \
S13 pig Detected subcom sync word :
1 0101....
Pl6 , L18 Detected verification word
| 1111.. ..
. Frames /Subcom Pl | Q2 ™
Counter 1, : P2 i Q4 1 From Preset Gate
Preset Gate P3 ! Qo6 S to preset the
) P4 Q8 ! ! counter to ''0" |
P5 Q10 ! ‘ !
P6 Ql2
|
- Frames/Subcom M1 N1 P20 To reset counter
i Counter 2, M2 N3 21 . at Subcom word 48
: Sail Subcom M3 N5 2% {" and subcom sync.
Synchronization M4 N7 ;2 5
M5 N10 24 g7 i
Reset Gate | M6 N11 2% |
i M8 & L9 Ll1 SC2S
1, \
IV-20



I B/W/F Counters Unit Patch Panel Wiring For S-17

M16 L18

Preset Gate N K2

- J2 K4

- J3 K6

L J4 , K8

J5 K10

n J6 K12

- Frames/Subcom ;| G9 _; X7

Counter 3, G10 ' X9
Auxiliary

- Gate
K16 K17
Fl6 Y16

1111....

-
From Preset Gate to
preset the counter to
J non

o
B W
v T

[4Y]
| W

W/F Counter outputs
to inhibit W31 (W31)

" GROUND 5 Maintain FA

C!' { in Set state

P

Circuit Patch Panel Pins . Signals
and Function From To i (Level or Pulse)
|
. 0
Auxiliary M9 N1 t 2 To detect and esta-
Gate _ M10 N3 bl 3 blish subcom sync
" M11 . N5 I 22 ! word verification
- M12 : N7 - 23!
. M13 N10 23 |
M14 Ni2 125 s
- L14 ' H16 To strobe verification code
- Frames/Subcom Ll ' X1 p 20 W/F counter outputs,
Counter 2, P L2 X3 2" ~ for word 8 or 16, 0r 24
Preset Gate L3 X5 23 J ("7" or "15" or '"'23") to !
- L4 Fl4 ! W31 preset subcom counter
' L8 W16 EW !
. L16 J14 To advance subcom counter |
' L10 P18 i Detected subcom sync word :
01lo01....
| Detected verification word
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Accumulator Patch Panel Wiring For S-17

Circuit Patch Panel Pins Signals
and Function From To (Level or Pulse)
Data Present K18 K17 20 W/F Counter
(DP) E18 D1 EW
J17 A7 DP
K16 K15 DP (delayed)
(WFL) (DL) Al3 H17 EF
A D18 G17 N WFL
Time Present K19 Fl 20
(TP) K21 F2 2T W/F Counter
K23 F3 22 Word 1
J18 F4 23
J20 F5 24
E18 Fb6 EW
Bl F7 (WFL) (DL)
El6 J2 TP
Alternate Data K18 F8 29
Present (Flag 1) K21 F9 21 W/F Counter
K22 F10 22 Word 30
K24 Fll 23
J19 F12 24
Bl F13 (WFL) (DL)
E18 Fl4 EW
Subcom Sync El H20 21
Gate 1: E2 H22 22 Subcom Counter 1
E3 H24 23 Word 47 or 48
E4 G20 24
ES5 G21 25
ES8 J8
J7 F17 SC1S'
J5 J6
J3 J4
Flag 2: G7 B3 Subcom Sync Pulse
Dump, Flag 3 A8 B2 Dump
Two Frames of G15 c2 20 Shift Register
Ones: Counter Gle Cc18 CD
H14 H15
H14 E1l5 Counter Reset
H12 H13
H3 J10
H4 J11
G11 A5 Word 30
Inverter 1 A3 F15
Divide by 2 H1 HZ
B20 Gl2 (FSQ) (2 F's of 1's)
1V-22




Accumulator Patch Panel Wiring For S-17

. Circuit

Patch Panel Pins Signals
and Function From T To (Level or Pulse)
| | ;
A22 : Al3 EF |
J1 ' K9 Flag bit for 2F's of 1's
Playback Flag ' K13 - K14 ‘
B24 K10 & D4 Output to buffer and
! ' Indicator 19
Frame Sync . Cl15 F15 i Word 30 |
- Quality Flag D11 | Al2  EF ?
B21 ; D10 © Indicator 22 -;
Subcom 1 Flag D14 F17 | SC1S" |
‘ D12 ; G2l | 22, SC Counter 1
| D13 | Al2 | EF
‘ D15 | K1l & B23 ! Indicator 28 !
Subcom 2 Flag ' D16 f E23 . 22, SC Counter 2
L C6 ‘1 D17 sC2s' 5‘
. C4 | Al2 EF ;
| C5 K12 Indicator 29 :
! Subcom 1 in ' D15 Cc12 !
- Word 2 ' C13 | Al2 . EF |
' C11 i J19 24 W/F Counter i
Cl4 ‘ J16 Indicator 31
' Subcom 2 in B7 ' C5
Word 8 B5 Al12 . EF
B4 A20 Indicator 32
- Gate 3 | Al4 J18 23 W/F Counter
b A21 a 320 22
Al5 ' Clé6 Level for Word 8 only
Subcom 2 in : B9 C5
Word 16 Bl2 Al2 EF
‘ -3 718 23 W/F Counter
| I B6 D6 i Indicator 20
' External Reset ' Al8 B18 ER |
' Multiplex Inhibit K6 Al3 EF :
. Counter Reset . E13 K2 :
E Pulse, Gate 2 | K1 ~ A13 EF !
r | !
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Quick Look Patch Panel Wiring For S-17

Circuit Patch Panel Pins Signals
and Function From To (Level or Pulse)
, . 0 )
Binary Register Ul Z1 2 True
No. 1 U3 z2 21 Shift Register
Us Z3 22 ’ Outputs for
Frame Sync
Code
U29 z15 214
U3l z16 215/
U2 V1 2% Y False shift
U4 \2 21 Register
Outputs
S for
. . P Frame
U30 V15 2140 gone
U32 V16 215 Code
Gl J1 29 wy/F
2 J3 21 Counter
G3 75 22 [ for word
G4 37 23 32
G5 J9 2% |
Gé6 G23 EW
Binary Register T1 Z1
No. 2 T2 Vi Shift Register
T3 v Outputs for
T4 z2 Complementary
T5 Z3 Frame Sync
Té6 V3 Code
T7 74
T8 V4
T9 V5
T10 Z5
T11 vVé
T12 Z6
T13 Z7
T14 N
T15 V8
T16 Z8
T17 z9
T18 V9
T19 V10
T20 zZ10
T21 Vil
IV-24




Quick Look Patch Panel Wiring For S-17

Circuit Patch Panel Pins Signals
and Function From To (Level or Pulse)
| Binary Register T22 Z11 Shift Register
- No. 2 T23 Vi2 Outputs for
T24 Z12 Complementary
T25 Vi3 Frame Sync
‘ T26 Z13 Code
T27 Z14
T28 V14
T29 Z15
T30 V15
T31 Z16
T32 V16 -
G12 J1 20
G1l3 J3 21 W/F Counter
| Gl4 J5 22 >
G15 J7 23 for word 32"
G16 79 2%
G17 G23 Ew
. Binary/BCD s1 z1 2 Y s.R. Output
| Converter Control | S2 Z2 21 for SC Sync
iNo. 1 > code verifi-
I cation
. . (1111....)
! Word B S8 Z8 27
ﬁ S9 thru 16 S33 GROUND
' Gate 7 & Fl & F12 Jjl15 20
Gate 8 F2 & F13 J17 21 SC Counter 1
F3 & Fl4 719 22 outputs
F4 & F15 J21 23 > for words
F5 & F16 J24 24 "16" and "48"
F17 J25 25
Fé6 J26 25
F7 & F18 G24 Ew
F8 & F19 Bll W/F Counter, Words 2 or 18
Gate 1 Bl J1 20 \' W/F Counter
B2 J4 21 Outputs
B3 Jo6 _Z_g_ J> for words
Binary/BCD 5147 81 2\ c& 18
S18 zZ2 Shift Register
Converter No. 2 S19 Z3
S20 Z4 ; outputs for
Word A S21 5 i e
S22 Z6 ; SC sync code
S23 7 i (0101....)
S24 Z8 b
S25 thru S32 S33 ¢t GROUND
Iv-25




' " Error Monitor Patch Panel Wiring For S-17
I !
"~ Circuit Patch Panel Pins Signals
l ; and Function From To {Level or Pulse)
‘, F | o> -
rame Sync P El Kl YA 1
'  Bit Error Shift P E2 H2 21 0
 Register E3 K3 22 1
' E4 K4 23 | shift 1
' .‘ ' E5 H5 24 Register 0
E6 ‘ H6 .22 Outputs 0
= E7 K7 16_’_ ~ (Comple- 1 | False
| i ES8 HS8 f 27 mentary 0 ! Frame
i ' E9 K9 l 28 Frame 1 { Sync
I ' 'El0 . HI10 f 29 | sync 0 | Code
| E11 | HIL i 210 | code) 0
| E12 H12 b 21l 0
. E13 H13 L 212 0
I -; El4 K14 213 1
g i E15 K15 | 214 1
' ! I El6 K16 | 215 | 1
| "Dl & D2 & D3 & ! -
i D4 &....&Dl6 | Cl | GROUND
l p I 1
l IV-26



Patch Panel Wiring List For S-49

Iv-27



—
I - Search and Lock Patch Panel Wiring For S-49
l : Circuit Patch Panel Pins Signals
l ' and Function - From | To (Level or Pulse)
Frame Sync s1 r v2 20 ) 0 |
l Recognizer S3 V3 21 1
- (In-phase) S5 V6 22 0
S7 V7 23 1
I | S9 V9 24 1
; S11 Vi2 25 0
: S13 V13 26 1
| | S15 V16 27 0
! N1 Q1 28 1
N3 Q4 29 0
I N5 Q6 210 0
N7 Q8 211 | Shift 0 True
- N9 Q9 212 « Register | . Frame
I Nl11 Q11 213 | Outputs 1 Sync
N13 Q13 214 | Code
N15 Q15 21 1
I J1 L1 276 1
J3 L4 217 0
I J5 L6 218 0
J7 L7 219 1 |
J9 L10 220 0 !
I Ji1 L12 221 0
J13 L13 222 1
J15 j L15 223 1
l El ,] G2 224 0
E3 | G4 225 0
E5 Gb 226 0
l E7 K7 Ground -
E9 K9 "
T
I 1
E15 K15 d
I D4 Ccé6 -6 vdc for 3 bit errors
l 1V-28



Search and Lock Patch Panel Wiring For S-49

!

Circuit Patch Panel Pins Signals
and Function From To (Level or Pulse)
;
| —
Frame Sync | S2 '8! 20 1
Recognizer S4 V4 21 0
(Out-of-phase) i S6 V5 22 1
'S8 V8 23 0
S10 V10 24 0
S12 V1l 25 1
S14 Vid 28 0
S16 V15 27 1
N2 Q2 28 0
N4 Q3 29 1
N6 Q5 210 1
N8 Q7 21T ghift 1| False |
N10 Q10 212 | Register 0 L Frame 5
N1z Ql2 213 " Outputs 0 | Sync |
N14 Ql4 214 0 | Code |
N16 Q16 215 0 :
J2 L2 216 0 T
| J4 L3 217 1 |
i J6 L5 218 1
i J8 L8 219 f 0
! J10 L9 220 1
| J12 L1l Pray 1 E
| J14 L14 222 0 :
: J16 L16 223" 0
! E2 Gl 224! 1
E4 G3 225! 1
E6 G5 228 1]
: D10 Cc7 -6 vdc for 3 bit errors
' Data Input Al C15
i Clock Input D17 Cl7 Divide by 2 for NRZ
. Frame Synchro- V17 Uls 20 |~ Lock Counter.
j nization V20 Uao _2__1_ I’ Locks after ''3"
(In-phase) val U22 22-  valid frames.
: T17 R18 207 [ Search Counter
T20 R20 2! > Flywheeling "7"
T22 Rz22 \ZJ frames,
T17 R17 Begins searching
: T19 R19 immediately.
: T21 R21 Search Counter
; T23 R23 )
: ' C18 D18 Search Pulse for out-of-phase
: ' Q17 P17 FSW
019 P19 FSW!
L ! -
IV-29



Search and Lock Patch Panel Wiring For S-49

!
i

Circuit Patch Panel Pins : Signals
and Function From To { (Level or Pulse)
- Frame Synchro- Q21 P21 FS'
‘ nization Q23 P23 Frame Search
. (Out-of-phase) N17 M18 20  Lock Counter.
: N20 M20 2_1 [( Locks after ''3"
N21 M22 ;E,\/’\ valid frames.
g 1.17 K18 20 L Search Counter.
] L19 K20 ZI Begins searching
| L21 K22 221  immediately.
’ Word Sync C2l1 D21 Disables word search
(not used) C20 D19 and word lock.
i
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i B/W/F Counters Patch Panel Wiring For S$S-49

Circuit Patch Panel Pins Signals »
: and Function From To (Level or Pulse) :
: — |
~ B/W Counter, Y1 Z2 20 j\ To count 9 ‘
Establishing Y2 Z4 21 bits per word
Words, 9 bits Y3 Z6 22 | ngn
per word Y4 Z7 23
Y5 Z10 24 |
U1l6 Y9 & Ul3 | FR
S16 Y10 & Ul4 | WFR
: i ~
i W/F Counter, w1l X1 | 20
- Establishing w2 X3 | 21 To reset counter
. Frames, 128 words| W3 X5 | 22 after 128 words,
: per frame. W4 X7 23 2 11127 and
w5 X9 24 | establish EF j
Reset Gate W6 X11 25 |
W7 X13 26
» Preset Gate w8 X2 20 To preset !
: w9 X3 _2._1 counter to '"0Y !
W10 X6 22 " at word 3
Wil X8 23 | men
W12 X10 2%
W13 X12 25
‘ W14 X14 26.J s
. W/F Counter Ul V1 & Y11 - 1 Presets counter :
- Preset Gate Uz V3 to ''3" 'j
U3 V6 | |
U4 V8 i |
U5 V10 :
U6 V12 | |
U7 V14 P :
l
"~ Frames /Subcom Pl4 Y13 To count frames !
Counter 1 N
Preset Gate S1 X2 20 W/F Counter
S2 X4 E outputs to
S3 X6 22 preset subcom
S4 X8 2 > '"64'' counter
S5 X10 24 | tc 64 for
S6 X12 25 subcom count
S7 X13 26) comparison
S8 W16 EW
S14 C34 Wé4 to SC corrector
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|

B/W/F Counters Patch Panel Wiring For S-49

i Circuit Patch Panel Pins Signals
1 and Function From To (Level or Pulse) ;
i L
! Preset Gate Gl6 & H16 & F16 | Y16 Cc' To disable
i (Cont'd) P16 & M16 & K16 | Z17 Ground subcom coun-
1 D14 & J14 Y17 Ground ters 2 & 3
| Subcom Counter F21l z21 22 ™
j Corrector F23 Z22 Zi Shift Register ;
i F25 Z23 2 outputs to i
i ' F27 724 25 s, check spacecraft
; F29 Z25 26 subcom counter
| F31 726 27 | updating.
| F33 z27 28
| F22 U2l 22
" F24 U22 23
! .
B . o .
F32 U26 27
F34 u27 28 J ?
E21 T1 20> !
E23 T3 21 Subcom Counter
outputs to |
E31 T11 2° make comparison
E33 T13 2% 7 with s. R.
E22 T2 20 outputs
E24 T4 21
E32 T12 25
E34 T14 26
c27 C31 “‘LN_ Flywheel Counter
Cc29 C30 “~ set to "6"
Frames /Subcom D21 Q1 |
Counter 1 D22 Q3 To set
D23 Q5 counter
D27 Q13




! B/W/F Counters Patch Panel Wiring For 5-49

1
| Circuit Patch Panel Pins Signals
and Function | From To (Level or Pulse)
{
Frames /Subcom D28 Q2 h
Counter 1 D29 Q4 To Reset
! (Cont'd) - . v
f f =
. . % Counter
. D33 Ql2 i
I D34 Ql4
' G1 & M1 V16 EWL




Accumulator Patch Panel Wiring For S-49

Circuit Patch Panel Pins Signals
and Function From To {Level or Pulse)
Data Present G15 & G10 E18 EOW
Counter: HS Gl11 2 ;
H9 Gl2 21 :
G1l4 A7 DP, to be delayed |
Gate 3: Al4 G13 DP I_ Added
A21 Alb EF
Al5 Dl & Kl (DP & EF) ?
DMAZ27 K2 H14 Counter Reset
DMAZ25 K16 J14 DP delayed
Gate 2 E12 J12 DP delayed
E13 Alb EF
Gate 4 A23 El4 (D? & EF)
A4 Bl (WFL) (DL)
Ab K15 Data Present Pulse
Time Present F7 Al2 EF
' Fé Bl (WFL) (DL)
' E16 J2 TP
Subcom Sync El H18 20
Gate 1 E2 H20 21
E3 H22 22 Subcom Coun- -
3 ter 1
E4 H24 2 Word 127
ES G19 24
E6 G21 25
E7 G23 26
ES8 J7 ' 9
; Subcom Sync J8 Al2 EF -
" J5 J6
J9 J4
: Flag 2 G7 B3 Subcom Sync
i Dump, Flag 3 A8 B2 Dump
- Frame Sync
Quality Command | A1l0 Al2 EF
Flag 4 All B20 FSQ
FSQ Flag D11 J12 DP to reset flip-flop
: C15 C18 CD to strobe FSQ
i Subcom Sync
| Flag, A3 J6 SCS
Inverter 1 A5 K10 SCS for multiplexing
Multiplexing B18 Al8 ER
: K5 Al3 EF Enables multi-
plexing
Ké Gl4 DP Disables multi-
plexing
K7 K9
LV=34



Accumulator Patch Panel Wiring For S-49

. Circuit

Patch Panel Pins Signals !
i and Function From To (Level or Pulse) ‘
_(WFL) (DL) G17 D18 WFL |
H17 A13 EF
. Data Register D3 D4 Data Register Indi-
. Expansion D5 D6 cator Lights
D7 D8 "
D9 D10 "
L ;
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| Quick Look Patch Panel Wiring For 5-49

' Circuit

Patch Panel Pins

Signal

t and Function From ! To (Level or Pulse)
i !
" S. R. S.R
Ul z1 20
Binary Register { U2 V1 _2_0
. U3 v2 21
No. 1 U4 72 2!
. U5 z3 . 22 o
U6 V3 ’ 22
U7 Va4 23
lus Z4 23 _ !
. U9 V5 24 ?
~Ulo0 z5 24
U1l Z6 25 —
Ul2 V6 25
' U13 V7
: Ul4 Zz7 True False
' Ul5 Z8 ~ Shift | shift
. Ulé V8 " Register . fRegister
 Ul7 V9 Outputs Outputs
U18 Z9
U19 Z10
U20 V10 .
U2l Z11
U22 V1l |
U23 z12 q
U24 V12 f
U25 V13
U26 Z13
' U27 V14
U28 Z14 ‘
U29 V15 |
U30 Z15 |
U31 V16 215!
U32 Z16 215}
| G1 J2 20~
G2 J3 21 W/F Counter
G3 J6 2Z
G4 J8 23 > outputs,
G5 J10 24
‘ G6 J12 25
% G7 J14 26 1 Sample at
: G8 G23 EW Word "3
; i
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Quick Look Patch Panel Wiring For S-49

|
Circuit Patch Panel Pins Signals ’
and Function From To ({Level or Pulse) '
" Binary Register S.R. S. R. is
 No. 2 T1 V17 . 216y
' T2 z17 216"
T3 718 217 -
T4 V18 217
T5 'Z19 218 -
L T6 V19 218
L T7 V20 219
T8 220 219 |
| T9 z21 Shift ‘
v T10 Va2l Register
i T11 222 }-Outputs .
T12 V22 of .
, T13 Va3 Frame
{ Tl4 Z.23 Sync
T15 V24 Code
T16 Z24
T17 z25
T18 V25
T19 Z26
T20 V26
T21 Z27 226 .
T22 V27 - 226
T23 & T25 & ’
T27 & T29 &
T31 Z34 GROUND
G12 J2 29y W/F Counter
G13 J3 21 | Outputs
Gl4 J6 2Z | to sample
G1l5 J8 Z " at word
G16 J10 24 "3 n
G17 J12 25
G18 J14 26
G19 G24 EW
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Quick Look - Decimal Display Patch Panel Wiring For S-49

|
' i
, Circuit Patch Panel Pins Signals i
, and Function From To (Level or Pulse)
: ": .
Binary/BCD - s1 z3 22 ] Shift Register !‘
Converter . S2 Z4 23 outputs (last
Control No. 1 S3 Z5 24 | 7 bits of
Word B | S4 Z6 23 > word 65)
i S5 z7 26 ' of spacecraft
56 Z8 27 subcom counter
S7 z9 28
S8 & 59 & S10 &.. g
i : . & Sl16 U34 GROUND
|
. Gate 7 F1 J2 Ej W/F Counter
i F2 J4 21 ¢ outputs for
F3 J6 ' 22 word ''65"
F4 78 23
F5 J10 24
F6 J12 2°
F7 J13 26/
F8 G25 EwW
Binary/BCD S17 z1 207 5. R. Outputs
- Converter Control | S18 Z2 21 of accumulated
No. 2, Word A S19 Z3 22 S spacecraft time
in words 33
and 34 (first
. . . 16 bits).
S31 Z15 214
S32 Z16 2135
. Gate 8 F12 J2 20
F13 J3 21 W/F Counter
Fl4 J6 22 S outputs for
F15 J8 23 | word "35"
F16 J10 24
F17 J11 25
F18 J14 26/
F19 G26 Ew
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Error Monitor Patch Panel Wiring For S-49

Circuit Patch Panel Pins Signals
and Function From To (Level or Pulse)
Frame Sync Bit El K1 _2_0 1
Error Shift E2 H2 21 0
Register E3 K3 22 1
E4 H4 23 0
E5 H5 24 0
E6 K ;E 1
E7 H7 26 0
E8 K8 27 1
E9 H9 28 0
E10 K10 29 1
Ell K11 210 ghift 1
El2 Kl2 211 Register 1
E13 HI13 212 outputs 0
El4 H1l4 213" (Comple- 0 False
E15 H15 21 mentary 0  Frame
El6 Hl6 215 Frame 0 - Sync
Dl Gl 216 Sync 0 Code
D2 J2 217 code) 1
D3 J3 218 1
D4 G4 219 0
D5 J5 220 1
D6 J6 221 1
D7 G7 222 0
D8 G8 223 0
D9 J9 224 1
D10 J10 225 1
D11 J11 226 1
D12 & D13 & D14
& D15 & D16 C1 GROUND
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SECTION V

SPECIAL CIRCUITS

A, DIGITAL-TO-ANALOG ERROR DETECTOR

The digital-to-analog error detector, shown in figure V-1, is a programmable
resistor summation and voltage divider network device used to generate an
analog output signal voltage from a binary input. When the input terminals of
the detector circuit are patched to a binary signal source, the output signal
level varies inversely with the number of zero input signals present, and

with the value of the programming resistor selected to couple the common

summation junction {pin 24) to a reference source of -6 volts,

The circuit provides a signal of -2 VDC (minimum) at pin 20 whenever all
diode inputs and R17 (pin 35) are at -6 VDC, or whenever the anticipated
number of bad (positive) diode inputs is compensated for by applying -6 VDC
to the equivalent "error resistor' (R18 through R22). The output signal cannot
exceed 6 VDC, and will normally vary between -5 VDC and -2 VDC.

The digital-to-analog converter portion of the detector circuit consists of 32
precision resistors of equal value arranged in a ladder configuration to form

a summation network. Sixteen of these resistors are mounted on card A,
(figure V-2), while card B (figure V-3), contains the other 16 summation
resistors, the six programming resistors, and two emitter-follower stages.
The common junction of the summation and programming resistors is pin 24
of each card. This junction is coupled to the single output terminal (pin 20

of card B), by the complementary symmetry configuration of the NPN and PNP
transistor emitter-followers.

B. OSCILLOGRAPH AMPLIFIERS

The oscillograph amplifier contains eight identical all-transistor galvanometer
amplifiers mounted on a single printed circuit board. Each circuit used ampli-
fies the signal from a digital-to-analog converter in the quick look unit to
drive a galvanometer in the recording oscillograph. Figure V-4 is the
schematic diagram for a typical amplifier circuit.

The input signal is fed through a level control to an emitter-follower which
drives a pair of emitter-followers connected in the super alpha configuration.
The return lead for the galvanometer coil is connected at the junction of the

two 50-ohm resistors which are in series across the plus 6 and minus 6 volt
sources. This protects the galvanometer by preventing the coil current from
ever exceeding 100 ma. Zener diodes are used to regulate the plus 6 and minus
6 voltages,

y-1



C. DECIMAL DISPLAY CIRCUIT

The Decimal Display Circuit board (figure V-5), consists of a nixie indicator

tube with separate transistor drivers for each of the ten cathodes. During the
absence of input signals, the transistors are cut off and the indicator cathodes
are at the same potential as the common plate. An input signal at the base of
any transistor causes that transistor to conduct and thus drive the associated

indicator cathode. This results in the display of a particular decimal digit.

D. FILTER BOARD

Cascade transistors, connected in an emitter-follower configuration, act as a
buffer, or impedance matching device, between the input signal and the four
filters (figure V-6). The filters, the inputs of which are connected in parallel,
are hermetically sealed, band pass, telemetry filters. KEach passes one of
the four possible frequencies within its band pass, for which it is designed.

E. DRIVING CIRCUIT

The 0.4-KC driving circuit consists of a single-stage, linear, non-saturating,
audio amplifier. This unit consists of a voltage amplifier, the output of which
is applied to two emitter-followers connected in cascade. Also on this

special card (figure V-7), are 1. 6-KC, 7.2-KC, and 28. 8-KC driving circuits
which normally receive inputs from the filter board. These inputs are applied
through r-c peak detector to the emitter-follower amplifier. As long as the
detector capacitor remains charged, the emitter-follower is saturated, and an
output is generated to subsequent circuitry.

F. BUZZER CIRCUIT

When ground (pin 8) is supplied to this module, the relay is energized, closing
the normally open contacts. With the contacts closed, -6 VDC is applied to
activate the buzzer,

<
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CR4 CR6
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RIO

RIl
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RI3

senncue iy Ri14
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R1S

RI6

H

CR7 CR9 CRII CRI3 CRIS
CR8 CRIO CRI2 CRI4 CRI6

CIRCUIT A

Figure V-2. Error Detector A
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Ql

RI7

RI8

RIS

R8

R7 ] s

R i
R5 » L |

S020F
SPRAGUS

R4

KN/UB

\ ST Y
R3 : 2

R2

R23
CRI

CR2

CR3

CR5 CR7

CIRCUIT B

Figure V-3.
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Error Detector B
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SECTION VI

SYSTEM ASSEMBLY AND WIRING

A. AC POWER DISTRIBUTION

Power switch S1 controls all direct line voltage to the three racks, except for
the independent receptacles. When switch S1 is placed ON, 115 VAC is applied
through the Thomas-Betts connector, energizing relay Kl in the rear (floor) of
rack B (figure VI-1)*. The closing of the normally open contacts of relay Kl
allow the 115-VAC line voltage through the circuit breaker and into the four
power supplies mounted on the Rear Power Panel. These power supplies
provide 170 VDC (PS1), 50 VDC (PS2), -10 VDC (PS3), and -6 VDC (PS4). In
addition, transformer T1 is also connected in parallel with the four power
supplies, providing 1.25 VAC,

With relay Kl energized, 115 VAC is also supplied to racks A and C, energizing
similar Kl relays in the rear of these racks (figure VI-2)*%*,  With these Kl
relays energized, line voltage is supplied to the 50-VDC power supply (PS1)

as well as the 1,25 VAC transformer (T1) on the Rear Power Panels located

in each rack. Figures VI-3 and VI-4 illustrate the actual power distribution.
Note that AC line voltage is routed to rack C (left) and rack A (right) via the
large three-pronged connectors. AC voltage from rack B relay Kl contacts is
applied to the Kl relay coils in rack C (left) and rack A (right) through the
smaller two-pronged connectors. .

Therefore, the power supplies in racks A and C each provide 50 VDC and 1.25
VAC. In rack A, these voltages are presently not used. The Signal Simulator
Unit, Oscilloscope, and Oscillograph Recorder all utilize line voltage which is
received via the Kl relays. The rack C equipment includes the Signal Synchro-
nizer Unit, Search and Lock Unit, Data Accumulator Unit, and the Bits/Word/
Frame Counters Unit.

All power obtained from the four power supplies and the transformer in rack B
supply the units contained within rack B. The Decimal Display Unit receives
170 VDC; the Quick Look Monitor Unit receives 50 VDC, -10 VDC, and 1,25
VAC; the Error Monitor Unit also receives 50 VDC and 1.25 VAGC; the
Oscillograph Amplifiers receive +12 VDC and =18 VDC from Power Supply RP-
32; Control and Indicator Panel receives -6 VDC, also from the RP-32 Power
Supply in rack B.

* Figure VI-3 pictorially depicts the location of components on the Rack B
Rear Power Panel schematically illustrated in Figure VI-1.

*%* Figure VI-4 pictorially depicts the location of components on the Rack C
Real Power Panel schematically illustrated in Figure VI-2,

VI-1
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B. SYSTEM PARTS LIST

The parts list for the PCM Data Processor is given in figure VI-5, Parts
provided in this list are comprised of GSFC-built components as well as vendor

components. This list is provided to aid in procuring the necessary component
parts to maintain the equipment.

C. INTER UNIT WIRING

The three racks, as well as the units within each rack, are interconnected by
either ribbon cable or cable harnesses. Some hard-wiring exists between racks,
as indicated by the feed-through holes shown in figures VI-3 and VI-4. All

units are interconnected in accordance with the interconnection wiring list ,
(figure VI-6). At the rear of each unit, a ribbon cable (flat) connects the chassis
to its respective connectors on the rack door, whereupon cable harnesses inter-
connect each rack and other ribbon cable connectors within the same rack.
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N64-29189

ERRATA
Add as follows in <olumns 'From" & "To", respectively:
E8 to K8, E10 to K10, E12 to K12, El14 to Kl4, and E16 to K16.

Columns "From" & "To", respectively, add C25 to C31; and change
"C31" to '"C32", "C32" to "C33" in the "To'" colum.

"To" column, change 'V16" to "T1l4 and E34'"; and in "Signals"
column delete "EWL'".

"To" column, change "A12" to '"Alé6".



